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Table I 

Name 

Absorption Spectra 

Benzene 

... 2490 

Pyridine 

... 2530 

Tolocno 

... 2500 

Picoline 

... 2580 

m-Xylcne ... 

... 2530 

1 ; 3 Latidene 

... 2770 

Mcsitylene ••• 

... 2570 

Collide no ... 

... 2830 

Naphthalene 

... 2760 

Quinoline ... 

... 2930 

Anthracene 

... 2950 

Acridine «. 

... 3300 


A study of the above table shows tbat whenever 
there is a nitrogen atom in a ring system within a molecule 
the compound is invariably more coloured than tho corre- 
sponding homocyclic compound containing carbon in place 
of nitrogen. Hence it was thought that a study of tho 
dyes derived from heterocyclic dibasic acids together with 
the dyeB obtained from corresponding carbo-cyclie acids 
would bo of great interest from the point of colour in relation 
to chemical constitution. The dyes obtained from the 
following four gronps of acids have been chosen for tho 
study : (1) Qainofinic, Cmchomeronic and Phtbalic acids. 

(2) Phenylpyridinedicarboxylic acid and diphenic acid. 

(3) Quinoline 1:2:3 tricarboxylic acid and naphthalic acid. 

(4) Imidazoledicarboxylic acid and triazoledicarboxylic acid. 
It has been found that dyes derived from Qainulinic (Ghosh, 
J. C. S., 1919, 115 , 1102) and Cinchoineronic (Tewari, 
J. G. S., 1929, 235, 1642) anhydrides are slightly more 
absorptive than the corresponding dye-stuffs derived 
from phtbalic anhydride. Tbongb, of coarse, the brilliance 
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and covering power of the latter are undoubtedly greater. 
This will be apparent by having a look at Table No. HI 
given on pago 6. Similarly, it has been found that dyes 
derived from s* phenylpyridinedicarboxylic acid (Tewari 
and Dutt, Jour. Ind. Chem. Soc., 1926, 3, 161) are 
more coloured than the corresponding dyes obtained 
from diphenic acid (Dutt, J. 0. S-, 1923, 123 , 225) and also 
dyes derived from quinoline 1:2:3 tricarboxylic acid 
(Tewari and Dutt, Jour. Ind. Chem. Soc., 1928, 5, 59) are 
moro coloured than the corresponding dyes derived from 
naphthalio acid (Terrisso. Annalcn, 1885, 227, 133) [vide 
Table No. IV]. Several dye-stuffs have also been prepared 
from triazoledicarboxylic acid and compared with the corre- 
sponding dyes derived from imidazoledicarboxylic acid 
(Tpwari and Dutt, Jour. Ind. Chem. Soc., 1927, 26). 

Triazoledicarboxylic acid is a substitution product of 
imidazoledicarboxylic acid in which one of the carbon atoms 
of tbo ring has been replaced by a nitrogen atom. Triszoledi- 
carboxylio acid was prepared as follows : 

Preparation of orthonitroacctanilidc .— This compound 
was prepared according to directions given in J. B. Cohen’s 
Practical Organic Chemistry , pages 171-72. 

Reduction of o-nilroacctanilide . — Alnminium amalgam 
was added to solution of o-nitroacctanilidc in moist ether 
until the yellow colour of tbo solution was discharged. Owing 
to its insolubility in ether acctyl-o-phenylencdiaraine separated 
out from tbo solution along with aluminium hydroxide, from 
which it was extracted by means of boiling benzene. 
It crystallises from benzene in small lustrous plates 
(M. V. 132°). 

On addition of the calculated amount of sodium nitrite 
to a solution of this compound in hydrochlorio acid an 
immediate precipitate of acetyl — 1 : 2 : 3— benztriazole was 
produced, which was crystallised from alcohol in compact 
needles (M.P. 51*). Acetyl — 1 : 2 : 3 — benztriazole was 
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hydrolysed with extreme ease to give 1 : 2 ; 3 benztriazole. 
(M. P. 9S°X 

coca 3 

fr «*, rVS 

Vno 2 \/nh 2 \A n ^ \A/ 

1:2:3 benztriazole was oxidised with boiling alkaline 
potassium permanganate. The solution after filtering off the 
precipitated manganese dioxide was made neutral by the addi- 
tion of sulphuric acid. It was then concentrated to a small 
volume when some of the potassium Bulphate got crystallised 
out which was filtered off. The solution was then acidified 
with hydrochloric acid. The triazoledicarboxylic acid 
got precipitated. The yield obtained by this method was 
very poor. So the following method given by Chakar- 
varti and Dutt (Jour. Ind. Chem. Soc., 1928, 5, 557) was 
utilised for the preparation of the acid which gave a good 
yield. 2 — (4* — hydroxy phenyl) — 1 : 2 : 3 benztriazole 



was prepared by reducing O-nitrobenzeneazophenol by 
alcoholic ammonium sulphide. It was obtained in 
colourless silky needles by crystallisation from alcohol. 
(U. P. 231°) 

Oxidation of 2 — (4' — hydroxyphenyl) 1:2:3 benztria - 
sole , — Fire grams of the above substance were dissolved 
in the requisite quantity of dilute sodium hydroxide and 
treated with a 5 per cent solution of potassium permanganate 
in the cold until tho latter was no longer decolourised. The 
precipitated manganese dioxide was filtered off and the 
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filtrate was evaporated to a small volurao after neutralisa- 
tion with dilute sulphuric acid. The liquid was then 
rendered Btrongly acidic with dilute sulphuric acid when a 
crystalline precipitate was obtained, which was triazoledicar- 
boxylic acid. It melted with vigorous decomposition at 
200°. It waB soluble in water and acetic acid, completely 
insoluble in acotono, ether, alcohol, ligroin and benzene. 
In comparing tho two scries of dye-Btnffs, thus obtained, 
it ia found that dyes derived from triazoledicarboxylic acid 
are invariably more absorptive than tho corresponding dyes 
derived from imidazoledicarboxylic acid as the Table No. V 
on pago 7 will show. 

Tho following compounds have been condensed with 
triazoledicarboxylic acid and the corresponding dye-stuffs 
obtained : phenol, resorcinol, phloroglucinoh metadiethyl* 
amidophenol, and mctaphenylencdiamino. The preparation 
and purification of phenol, resorcinol, and phloroglucinol 
compounds wore done jast in the same way as in tho case 
of imidazoledicarboxylic acid (Tewari and Dutt, Jour. Ind. 
Cheni. Soc., 1927, 4, 201). The condensation, isolation and 
purification of metudiethy (amidophenol and raetaphenyl* 
enediaraine compounds were done exactly in the same way as 
in tho case of the corresponding compounds of cinchomeronic 
acid (Tewari, J. C. S., 1929, 135 , 1642). The only difference 
was in the preparation of tho diamine compound, which 
was done over an oil bath at temperature between 180° — 200°, 
until tho melt was dark-red in colour and became quite hard 
and brittle on cooling. 

The properties of these are summarised in the form of a 
table (Table No. 11). 
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Table II 



Table III 
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Tablr V 


, 

Compound derived | 

from — , and 

1 

IniduoMicubtxrlio 

i acid. 

Triasolediearboxylie acid. 

1 

Phenol ... ... 

5M0 

6630 

Resorcinol ... ... 

40eo | 

4070 

Pbtorogtuclnol ->• 

4910 

4080 

Metadiethrlamidophenol 

; Could not be obtained in 
pure state. 

6660 


The figures in Tables Nos. I, III, IV, V, denote 
absorption maxima in approximate wavoiongttiB. 

My thanks are duo to Dr. S. Dutt for the interest which 
he took in this work. 





PHOTONITRIFICATION IN SOIL 

BY 

. A. K. BH ATTACH ARY A, D.Sc. 

Chemical Laboratories, University of Allahabad. 

In previous publications 1 from those laboratories a new 
view on tho process of nitrification in soil has been advancod 
and supported by experiments. It has been shown that the 
process of nitrification in soil is mainly due to the oxidation 
of ammonium salts to nitrite by nir in presence of sunlight. 
Tn other words, according to our view, nitrification in 
tho soil especially in tho tropics, is more photochemical in 
nature than bactorial. 

In this paper, wc are submitting the results of our ex- 
periments on nitrification in soil* effected by sunlight. The 
experiments were carried on as follows : 

Soil was collected from tho grass land from n particular 
spot in the laboratory compound digging n hole nine inches 
deep. The soil was crushed, passed through a sieve 
with one-millimeter bore, and was air-dried at 30®. Two 
thousand grams of this soil were mixed with 20 gins, of 
the ammonium salts and 750 c.c. water. The whole mixture 
was kept in both earthen and largo glass jars having a 
capacity 4000 c.c. and exposed to sunlight. Water was 
daily added in order to make up for the water lost by 
evaporation. The vessels wero weighed every week to tost 
for the constancy in weight. Tho soil was well stirred 
every morning before exposure. Blank experiments were 
also carried on in the dark by covering tho glass jars with 
a thick layer of black japan enamel and tho earthen pots 
were covered with a tin lid blackened by black japan. For 
the experiments in the dark, these vessels were also placed 

1 J. Ind- Chero. Soo., 9, 1932. 

* Soil Soience. 31 , 379, 1931. 

9 

r.2- 
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in the sun to have the same temperature as those exposed in 
the sun. 50 gins. of the soil were taken out after the ex- 
posure was completed and the ammonia was estimated by 
adding potassium hydroxide to tho soil and distilling the 
liberated ammonia, which was absorbed by a standard solu- 
tion of sulphuric acid. At the end of the experiment, this 
sulphuric acid was titrated against the standard solution 
of caustic potash and thus the amount of ammonia absorbed 
by sulphuric acid was found. Then another 50 gms. of the 
soil were taken and treated with Dovarda’s alloy for 
estimating the ammonium salt and the nitrites and nitrates. 

Tbe following results were obtained with soil and 
ammonium salts exposed in earthen vessels for 1(10 hours. 

Table 1 


1 

No. 

Condition 

Amount of 
•alt added 

! 

1 Unchanged 
amount ot 
salt 

1 

Amount of 

1 oxidised 

salt 

s„ 

II 
£ ° 

1 

Sunlight 

20 gms j 

ammonium 

chloride 

i 13 gma. 
ammonium 

chloride 

01 gms. 
ammonium 
chloride 

830 

2 

Dark 

20 gras, 
ammonium j 
chloride i 

18-7 gma. , 
ammonium i 
chloride 

f# gras, 
ammonium 
chloride i 

66 

3 

Sunlight . | 

20 gra» 
ammonium 
chloride to 
heated aoil 

lfi’S gms. 
ammonium 
chloride 

ft gms. 
ammonium J 
chloride j 

22D 

. 

1 Sunlight ... ! 

; 

20 gras, 
ammonium 
sulphate 

18’7S gms. ! 
ammonium 

sulphate 

ID gms, 

sulphate 

60 

5 

Dark .. | 

20 gras. 

| Wiphrrt* 

20 gms. > 

ammonium > 
i voYpVnVe 

nil 

nil 

6 

Sunlight 

■ 2 O gmi. 

, ammonium 
phosphate 

Idd gms 
ammonium 
phosphate 

3'S gma, 
ammonium 
phosphate 

1 tn 

7 

Dark - ! 

1 20 gma. 

ammonium 

I phosphate I 

20 gms. 
ammonium 
phosphate j 

nil 

nil 
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These experiments carried on in earthen pots were not 
very satisfactory because the pots being porous a good deal 
of the ammonium salts porcoJatcd and came out on the 
outer surface of tho pots. 

The following results were obtained in glass vessels 
after 160 hours’ exposure to sunlight with loose 
covers : 


Table II 


No.' 

l 

| Condition 

1 

Amount of 
salt added 

1 Uochsngei) 

' amount of 
( salt 

r 

Amount of 
oxi.l i«-it 

Salt 

! 

|| 

1 

Sunlight n 1 

20 gm» 
ammonium 
chloride 

1864 gms. 
ammonium 
chloride 

133 graa. 
ammonium 
chloride 

6-65 

a 

Sunlight ... 1 

20 pu. 
ammonium 
phosphate | 

U'64 gm«. 
ammonium 
phosphate 

2'44 gnu. 
ammonium 
phosphate 

12-2 

3 

Dark — . 

50 gnu- ; 

ammonium • 
phoiphatp 

IQ'S gmi. 
ammonium 
pholphato 

0"3 gm. 
ammonium 
phosphate 

10 

4 

Sunlight 

20 gnu. 
ammonium 
sulphate 

l9 0 gm». 
ammonium 
sulphate | 

03 gm. 
ammonium 
sulphato 

16 

5 

Dark 

; 20 gma. 

ammonium 

1 sulphate ^ 

SO gnu. 1 

ammonium j 
sulphate 

nil 

nil 


As the percentage of oxidation was not high after 160 
hours exposure, the vessels were again exposed to sunlight 
for a much longer period. Tho results tabulated on page 2 
wero obtained after a total exposure to sunlight for 700 
bourB in tho mouths of May, June, and July. 
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Tabes W 


,V<1. 

1 

C«sdili«9 

1 

Amount ot 
■alt edded 

| Unchanged 
f amount of 

t Ml! 

I : 

Amount of 
olidiaed 
ul< 

t£ ° 

1 

j Soo!i>b! 

ammonium 

rhlonde 

91 ps. 

) inmunmQ 
< chloride 

15 25 gnu. 
ammonium 
| chloride 

SO'l 

3 

1 Dark 

l 

JO pTO*. 
ammonium 
chloride 

1725 ga* 
i laooniiito 
* chloride 

085 gm. 
ammonium 
ehlorido 

♦ 8 

9 

I 8eaJ.-*bJ 

20 pm»- 

iDimomuo 

[ 1725 fro* 

ammonium 
(ulptutv 

9"82 gat. 
ammonium 
■ulpbate 

un 

4 

! Dark 

lalphnte 

j 20 r««- 

J ammonium 

1 mlphil* 

ci 1 

i 

oa 

S 

Sonbirb! 

30 gm*. 

■DtDODiaO 

pfco«pb»te 

2 fa*. j 

I ammonium 
, pho»pb*te 

lfl‘5 gat. ( 

ammonium 1 
pboapbale 1 

830 

« 

' Dtrk 

SO far. 
ammonium 
rhwipb»«* 

ISS tat. 
i ammonium 
, phoaphate 

025 gra. ,• 
ammonium 
phoaphate 1 

Id 

7 

Honlijfht 

10 rcn«. 
amtnooium 
phoaphate 

j 1 ~Z8 gm*. 

‘ ammonium 
' phoaphate 

827 grat. 1 
ammonium J 
phoaphate j 

852 



•on 


j 



The foregoing results show conclusively that on exposing 
the ammonium salt solutions to light in contact with the 
soil, an appreciable amount of the salts are photochcimcally 
oxidised in air after an exposure for 1G0 honrs but the 
oxidation is greatly increased after 700 honrs exposure as 
shown in Table III- Ammonium phosphate undergoes 
oxidation to a greater extent than the other ammonium salts 
under similar conditions. The oxidation in the ressels kept 
in the dark nnder identical conditions is very small and in 
some cases negligible. 

If nitrification h BMfcJj* bacterial as is generally believed 
to be, the ammonium salts in the vessels kept in the dark 
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should have undergone appreciable oxidation. But the 
results show that the dark oxidation ia exceedingly small 
in comparison with the photochemical oxidation. Moreover, 
even with the sterilised (by heating for 48 hours at 150° C) 
soil ammonium phosphate undergoes considerable oxidation 
in presence of sunlight- Tho oxidation of ammonium phos- 
phate in presence of sunlight is practically the same in the 
sterilised a9 well as in the unsterilised soils. It therefore 
appears that nitrification especially in tropical countries is 
more a photochemical than a bacterial process. 

We have carried on similar experiments with urea. 
10 gins, of urea were mixed with 1,000 gins, of the same soil 
and one glass jar was exposed to sunlight for 540 hours 
under the same conditions as in the case of ammonium salts. 
Tho following results have been obtained: 


Table IV 

Amount of urea added 

Amount of unchanged 
ammonia 

Amount of oxidised 
ammonia 

10 gins. 

4"7 em>. | 

07 gm. 


Hence percentage of amroonification is 54 and the 
percentage of its subsequent oxidation to nitrites is 15. 

From our experiments, it appears that amraonification 
is also markedly photochemical in nature. We have been 
able to convert several nitrogenous compounds into ammonia 
by exposing the solutions of these compounds to light. Hence 
it appears to us that in the soil the ammonifieation of nitroge- 
nous compounds and the subsequent oxidation of ammonium 
salts to nitrites are markedly accelerated by light and the 
process of soil nitrification is more of photochemical than of 
bacterial origin. 

Farther experiments on this line on sterilised and 
unsterilised soils are in progress. 





THE CONSTITUTION OF THE ACTIVE 
PRINCIPLE OF INDIAN RATI 
(SCARLET VARIETY) 

BY 

NAHENDRANATH GHATaK, S1.Sc. 

/Tanlo Prasad lit Starch Scholar, Chemistry Department, 
University of Allahabad. 

The plant Rati or Ghungachi i9 mentioned bj Susruta 
and tho oldor Sanskrit 'writers, it must, tborefore, have long 
been in use as n modicino among tho Hindus; they describe 
two varieties, namely, red and white-seeded. Formerly, the 
root of tho plant was considered to he a perfect substitute 
for liquorice, hut experience has shown this to ho orroneoas. 
Sanskrit writers describe tbo root as emetic and useful in 
poisoning. Intornally, tho seeds arc described as poisonous 
and useful in affections of the nervous system, and external- 
ly, in skin diseases, ulcers, affections of the hair, etc. The 
seeds reduced to a pasto aro recommended to bo applied 
locally in sciatica, stiffness of the shoulder joint, paralysis, 
and other nervous diseases. In white leprosy, a paste com- 
posed of tho seed and plumbago root is applied as a 
stimulant dressing. In alopecia a paste of the seed is 
recommended to be rubbed on tho baro scalp. Tho seeds 
are used as a purgative, but in largo doses are an acrid 
poison, giving rise to symptoms resembling those of cholera. 
The poisoaous property is generally believed to be in the 
red covering of the seed. Taken internally by women, the 
seed disturbs the uterine functions and prorents conception. 
For tho latter purpose, four to six seeds are swallowed every- 
day, tn two doses, for several days, after each menstruation, 
ts 
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The boiled seeds are said to possess powerful aphrodisiac 
properties. The seeds reduced to a paste are used for con* 
tusions and to reduce inflammation. Dr. Burton Brown 
(Punjab poisons) recorded a case in which forty seeds of 
Abrns (Rati), administered internally, caused purging and 
vomiting’, with symptoms of collapse and suppression of 
urine ; the patient recovered under the use of stimulants. 

Rati or Jequirity as it is known in English is a plant 
of the natural order Leguminosm. It is grown in India and 
other hot countries. It is a perennial twiner with numerous 
stems- Seeds from three to fivp are contained in pods which 
arc from to If in. long and £ in. wide, fiat, oblong, 
truncate, with a sharp defected beak, and Saelr &i)kr. The 
seeds are usually bright scarlet, with a black spot on the top, 
highly polished as if covered with red lac- The average 
weight of the seed is 1*75 grains. There are three varieties 
of the seed— scarlet, white and black, but the findings of the 
present paper are on the Bcarlet one. The seeds are nsed 
in India by the goldsmiths as weight. 

Warden and Waddell (“ Non-bacillar nature of Abrus 
poison,” Calcutta, 1884) have given the name ‘abrin’ to the 
poisonous principle of Jequirity. They showed that abrin 
was closely allied to plant albumin but did not enter into 
any details as to whether it consisted of one or more pro* 
teids. Martin (Proc. Roy, Soc., 1887, 331 — -34), after retnov* 
ing the red cuticle of the seeds, proved the presence of 
two proteids — a globulin and an albumose^-in the kernels. 
He classed the globulin to the group of vegetable para- 
globulins and the albumose to Kuhne and Chittenden’s 
dentero-albnmose- The albnmose responded to the binret 
reaction and was found identical with the *-pbytaIbumose 
of papaw -juice (Abs-, 1886, $42). In a later paper Martin 
(Brit- Med. J-, 5, 1889, 184 — 87J established that the 
poisonous nature of the seeds is dne to (he two proteids 
only. Dr. Warden (Pharmacographia Indjca, 1890, Vol. I, 
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p. 442) olairas to have succeeded in isolating an acid from 
the seeds, which he named as * abric acid ’ and represented 
it by the formula C*j H 24 N s 0 4 . He also obtained a 
small quantity of pungent volatile oil. But he gives no 
details as to how abric acid was separated. 

Abrin (The Chemistry of Plant Products, by Haas and 
Hill, 1928, Yol. I, p. 371) lias been suspected to have the 
same properties as ricin which occnrs in Ricinns. Their 
toxic characters have been attributed partly to the presence 
of ptomaino bodies and largely to bacterial toxins, a class of 
substance related to albumoses. 

The above represents the work that has hitherto been 
done on the seeds of Rati. A systematic analysis of tho 
seeds was, therefore, undertaken with a view to study the 
exact chemical nature of tho poisonous constituents. 

The powdered yellow kernels of the seeds on extraction 
with petroleum ether were found to yield 5*5 per cent of a 
non-drying yellow oil which had a strong pungent smell. The 
oil-free kernels on extraction with alcohol and evaporation 
of major portion of the solvent yielded a thick brown liquid 
which on cooling slowly deposited colourless needles. This 
substance contained nitrogen and on recrystallisation from 
boiling water was obtained as snow-white slender needles 
melting at 295°C. and having a molecular formula 
Cj*H j4 0 t N 2 . This substance has been named as 1 abrine * 
by the present author. ‘Warden (loc. cit.) must have got 
this substance in an impure form which gave him a wrong 
analytical data and made him suspect the compound to 
be acidic in nature. 

Abrine is insoluble in all organic solvents excepting 
alcohol in which it is a little soluble* Neutral ferric chloride, 
lead acetate or sub-acetate has no effect on the substance. 
Phosphomotybdic acid produces a white precipitate which 
soon changes to yellowish green and finally to grey colour. 
Eardman’s and Frohed’s reagents give yellow coloration 

F.3 
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with abrine. Gold chloride solution produces a yellowish tur- 
bidity which darkens and in about a minute becomes violet, 
which, however, throws down a blue-black precipitate on 
addition of concentrated hydrochloric acid. Platinic chloride 
seems to have no effect on the substance in the cold, but on 
beating and allowing it to cool a brown gelatinous precipitate 
settles at the bottom. Abrine is non-respondent to tho 
rest of the alkaloidal reagents. It dissolves readily in 
hydrochloric acid and on complete evaporation of the solvent 
long silky needles are obtained which quickly dissolve in 
water. This mnst, therefore, be the hydrochloride of abrine. 
The hydrochloride gives all the reactions of the free base 
as described above, excepting that it has no reaction with 
gold and platinic chloride solutions. The hydrochloride, 
however, gives a white precipitate with phosphotungstic acid 
which tarns brown in about five minntes- Abrine hydro- 
chloride dissolves readily in water and very soon gets 
decomposed with the precipitation of abrine. In dilute 
nitric acid abrine dissolves and on spontaneous evaporation 
of water needle-shaped crystals of abrine nitrate are formed. 
This substance is, however, quite stable in water. Abrine 
forms a mono-picrate both in acetic acid and alcohol solution. 
It also forms a dibromo compound in cold alcoholic solution 
of bromine. From the bromo-derivative it is evident that 
abrine contains one donble-bond linkage between two carbon 
atoms. From the colour reactions and salt formations it can 
be said that abrine is eemi-alkaloidal in character. It is 
tasteless when pure and therefore may be classed ia the 
group of non-bitter alkaloids. 

The thick mother liquor left after the separation of 
abrine was dilated and clarified with lead acetate solution- 
Tbe filtrate gave an yellow precipitate with basic lead acetate 
solution. The second lead salt on decomposition with 
sulphurated hydrogen in aqueous suspension and on com- 
plete evaporation of water gave an amorphous yellow 
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powder melting at I05°C. and baving a molecular formula 
Ci S H 14 Ot‘ This does not reduce Folding's solution and 
Tollen’s reagent, but both are readily reduced if the com- 
pound is previously hydrolysed by warming with hydro- 
chloric acid. It does notproduco any coloration or precipitate 
with the usual alkaloid reagents* The substance has an 
astringent and mild bitter taste and produces a dark colora- 
tion witli neutral ferric chloride solution which turns red on 
dilution. This substance has been named as 4 Abralin ’ by 
the present author. The physiological examinations of 
ubrine and abralin are in progress and will be published 
afterwards. 


EXPERIMENTAL 

Tho scarlet variety of Rati seeds was obtained from 
the local market. The red seed-coat was removed by 
coarsely crushing the seed in a grinding machine. The outer 
coating constituted 30 per cent of the entire seed- The yellow 
kernels were very hard and were crushed to powder by 
means of a powerful crushing machine. 

50 gms. of the powdered kernel were freed from oil by 
potroloum cthor in tho cold and the oil-free powder on cold 
aqueous extraction gave a cloudy precipitate with ethyl 
alcohol showing the presence of enzymes. The powder on 
completely burning left 2*5 per cent of a white residue 
{ash) which on qualitative analysis was found to contain 
iron, calcium, aluminium, silicon, magnesium, phosphate and 
sulphate. 

For complete analysis 1*5 kilograms of the crushed 
kernels were exhaustively extracted in a round bottom extrac- 
tion flask with 5 litres petroleum ether (B. P. 33 — 60*0.), till 
a portion of the extract did not give any oily residue on 
evaporation of tho solvent. From the petroleum ether 
extract 85 gms. of a yellowish brown non-drying oil was 
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obtained which had a pungent odour. The oil-free powder 
was successively extracted with rectified spirit. Tko first few 
extracts were yellow in colonrand after that colourless extracts 
were obtained which deposited white needles in small qnan- 
titles on evaporation of the solvent The substance seemed 
to be very little soluble inalcohol and therefore the extraction 
was done about twenty time9 in order to recover the crystal- 
line product completely from the powdor. The powder became 
almost colourless after the extractions. The total alcoholic 
extract was concentrated under reduced pressure when a 
brown syrnp having’ white crystalline suspension was obtained- 
The liquid, which had a disagreeable smell, was allowed to 
stand for about a week when the quantity of the crystalline 
product increased and settled at the bottom. It was filtered 
at the pump and the colourless residue was washed with 
water. The dried crude product, which weighed 13 gins-, 
turned brown at 2I0°C. and completely melted at 247 °C. 
This substance was moderately soluble in hot water from 
which Bnow-wbite needle3 were obtained melting at 295°C. 
This product contained nitrogen and was abrine. 

The mother liquor after the separation of abrine was 
diluted with water and on addition of lead acetate solution 
a thick yellow flocculent precipitate was obtained. The 
precipitate, which had a strong disagreeable odour was 
washed free of lead and decomposed with H s S. The yellow 
filtrate on complete evaporation of water gave a brown 
sticky substance from which no chemically pure substance 
could be isolated. 

The filtrate of the above lead salt was yellow in colour 
and gave a bright yellow bulky precipitate with lead sub* 
acetate solution. The purified lead salt was decomposed 
by H*S in alcoholic suspension. The yellow filtrate was 
concentrated under reduced pressure and on complete eva- 
poration of the solvent an yellow deposit was obtained. It 
was non-crystalline in structure and melted at 105°C., after 
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remaining in vaenum desiccator for two days. This sub- 
stance was * abralin’. 

The oil on purification with Fuller’s earth and animal 
charcoal became lighter in colour. It did not contain 
nitrogen and sulphur and was tasteless. In a decimeter 
tube tho oil rotated (ho plane of polarisation by +0*36°, 
thereby giving a dextro rotation of [“]„ ** +0*39. This 
Binall rotation must be duo to tho presonco of sterols in the 
oil. Tho oil burnt with an absolutely non-luminoua flnme 
and gavo tho following constants : 


Moisture 

0-78X 

Specific gravity at 25*C ••• 

... 0'913i) 

Refractivo indor at 25*C ... 

1*4002 

Acid Value 

244 

Saponification Value 

... 1017 

Holincr Value 

... 8800 

Acetyl Voluo 

... Nil 

Iodine Valuo 

... 05-1 

Unsaponinable matter 

1-08 


Abritte: — C\* // 14 0 s A\. — Abrine dissolved in con- 
centrated nitric acid with orange-red colour which became 
yellow on dilution. In strong sulphuric acid it dissolved 
with yellow colour. When very slowly crystallised from 
water about 1 cm. long star-shaped needles wero obtained. 
[Found: C, 65*78; H, 6*46 ; N, 13*15 ; M. W. (cryoscopio in 
phenol), 221.] 

C, s H 14 0, N, requires C,66’08; 11,6*42; N, 12*84; 
M‘. "W. 218. 

Abralin : C\ s //» « Oi . — In concentrated sulphurio acid 
abralin dissolved with a yellow colour which slowly darkened 
and finally became deep red. On dilation the colour was 
discharged and an yellow floccalent prccipitnto separated, 
which was tho aglucono of the glncosido. In strong nitric 
acid abralin dissolved with red colour, which became orange- 
yellow on dilution. It was optically active having a laevo 
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rotation of [«]V = ~ 27'37 in aqueous solution [Foand : 
0, 54'98 : H, 5‘29 ; M."W. (cryoscopic in phenol), 286, (decom- 
position of the lead salt), 231. C» 3 H 14 0, requires 

C, 55*32 ; H, 4*96 ; SI. W-, 282 ]. 

Abrine pkrale : C, t Hu O s N s - C e H s 0 7 A T S . — 1 gm. 
of picric acid was dissolved in 30 e.e. alcohol and '5 gm.of 
abrine was added. On slight wanning, abrine dissolved and 
the colour of the eolation slowly darkened and finally became 
orange-red. It was then heated to hoil and allowed to 
stand over night. Next morning orange-yellow crystalline 
plates in clusters were formed. The mother liqnor was 
decanted off and the crystals were washed free of picric acid 
with dilate alcohol. The picrate weighed 0'9 gm. and melted 
at 194°CL with decomposition. It was quite stable in presence 
of water in which it was very littlesolnble.formingfaintyeHow 
solution. (Found N, 1606%. I5’92% ; Ci 8 H| T 0» N 5 re- 
quires N, 15-66%). 

The picrate was also prepared in glacial acetic acid 
from which two different types of crystals were obtained — 
(1) orange-red needles in form of stars, and (2) very closely 
packed yellow soft needles. They were separated by 
mechanical means. Both melted at 194°C. with decom- 
position and the nitrogen content was 15'96 per cent and 15*98 
per cent respectively. The orange-red variety changed colour 
and became perfectly yellow at 120°C. Thus all the three 
varieties were mono-picric acid salt of abrine having only 
different crystalline modifications. 

Dibromo abrine: C ti H l4 0 2 N s Br s . — '5 gm. of 
abrine was pat in a dry flask and alcoholic solution of 
bromine was added in the cold. The colour of bromine was 
discharged and abrine dissolved forming a light pink 
solution. Excess of bromine solution was added and was 
left for spontaneous evaporation at room temperature. After 
few days light yellow soft plate9 settfed at the bottom and 
tho mother liquor remained brown. Addition of water did 
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not separate the bromo derivative. Some acetono was next 
added when the solid deposit became colourless and the 
brown mother liquor was decanted off. It was thus freed 
from bromino by two more washings with acetone. The 
product on drying was obtained as whitish micro-crystalline 
powder. It slowly started turning dark from 220°C. and 
melted between 241-42°C. 1 with decomposition. (Found 
Br, 42*7% ; G|*B .,4 0*N S Br 8 requires Br, 42‘3 %.) 

Tho author wishes to express his indebtedness to Dr. 
S. Dntt for tho kind interest he has taken in the work. 
His thanks are also due to the Kanta Prasad Research 
Trust of the Allahabad University for a scholarship which 
enabled him to take part in the investigation. 
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I. TINOSPORA CORDIFOLIA (MIERS) 
Tinosporia Cordifolia, known as Gurach in Hindustani 
is a plant of tho natural order Merispormaccie. It is a 
well-known medicinal plant of long aso in Hindu medicine, 
A glabrous, Bucculant, climbing shrub nftor reaching a great 
height and sending down long thread-like aerial roots. The 
bark is grey and creamy white. The branches bear smooth 
heart-shaped leaves and bunches of red berries* When 
dry, they shrink very much. Tho taste is very bitter, tho 
odour not in any way pocutiar. 

As regards its medicinal properties, it is con- 
sidered to bo cold and dry by the Mohammedans. Tho 
fresh plant is said to he more efficient than the dry. It is 
taken with milk in rheumatism, acidity of tho urino and 
dyspepsia. Tinospora Cordifolia attracted tho notice of 
Europeans in India and has been formerly spoken of by them 
09 a tonic, antiperiodic and diuretic. It is now an official 
in tho Pharmacopoeia of India and is introduced in Europe ns 
a specific medicine. Tho medicinal property of tho plant is 
said to bo doe to the presence of berberine. ft 13 a remedial 
medicinal agent in the chronic diarrbeea and some forms of 
chronic dysentery. It was prescribed by ancient Hindu 
physicians in gonorrhoea with advantage. It is also regarded 
by natives in certain parts of India as a specific for the 
bites of poisonous insects and venomous snakes. 
v, i 25 
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Fluclriger in 1884 found the presence of berberine 
in small quantity in the stems by chloroform extraction of 
the calcified drug. The extracted mass was then boiled up 
with water and the filtrate gave a precipitate with tannic 
acid. The decomposition of the tannic acid salt gave a bitter 
principle which was nltimately proved to bo a glucoside by 
hydrolysis with dilate salpharie acid. Unfortunately, 
Fluckiger coaid not crystallise the glucoside. 

The above represents the work that has hitherto been 
done on this plant. The present work was, therefore, under- 
taken to throw some light on the constitution of the bitter 
principle. 

The presence of the alkaloid was definitely established 
by the colour reactions of the usual alkaloidal reagents with 
the acidified solution of the alcoholic extract of the plant. 
Bnt the quantity oF the precipitate and the intensity of colours 
indicated the presence of the alkaloid in very Btnall quantity. 
All attempts to jsolato the alkaloid by different solvents 
proved unsuccessful. Alcohol extracted sufficient quantity 
of chlorophyll, sugar and traces of resins and waxes. The 
dilate hydrochloric acid extraction of the drag on neutraliza- 
tion with alkali precipitated all inorganic traces. 

Aqueous extract of the plant gave precipitates with 
lead acetate and snb-acetate. But the decomposition of the 
precipitated lead salts with H 2 S and on complete evaporation 
of the filtrate gave sticky brown masses containing safficient 
quantity of reducing sugars. Chloroform, however, extracted 
two solid products in small quantities which were tasteless 
and non-alkaloidal in character. 


Experimental 

About 500 gms. of the dried and powdered stem of 
Tinospora Cordifolia were repeatedly and exhaustively 
extracted with distilled water- The extract completely 
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evaporated to dryness on water-batb. A brownish black- 
coloured hygroscopic powder was obtained which had a bad 
sugary odour and n sharp bitter taste. The yield was about 
90 gins., ue», 18 per cent of the dried plant. 

About 50 gras, of the dried imd tbe powdered plant 
were extracted with cold dilute 1 per cent HC1 for two days. 
Tho liquid was filtered and normal sodium carbonate solution 
was added in order to precipitate the alkaloid. A white 
flocculont precipitate was obtained which was proved to be 
purely inorganic and on analysis was found to contain 
calcium, sodium, nitrate, and traces of chloride. 

10 gms. of tho water extract woro mixed up with 
2’5 gras* of slaked lime, moistened with water and dried in a 
desiccator for three days. This was then extracted with various 
solvents, — petroleum ether, chloroform, ether and alcohol, 
but none did give any alkaloid although each fraction 
answered all tho reactions of alkaloids. 

5 gms. of the water extract were taken and dissolved 
in hot water. The solution was then clarified with lead 
acetate- Tho lead salt was separated and the filtrate after 
removing the excess of lead was evaporated to dryness. A 
dilate HCl solution of this sticky mass gave all the coloured 
reactions of the alkaloids, but it could not be crystallised 
from any organic solvents. Tbe lead salt was also 
decomposed by H s S and the filtrate evaporated to dryness 
also yielded sticky syrupy mass which conld not bo got as 
solid even after keeping it for several days in vacuum 
desiccator. 

About 5 gms. of the water extract were refluxed for 
three hoars with chloroform and alcohol separately. The 
corresponding extracts on evaporation yielded brown sticky 
products but tbe definite alkaloid could not be isolated. 

Tho above attempts were made to isolate tbe alkaloid 
in free state but unfortunately no satisfactory results were 
obtained. But tbis is definitely ascertained, that there is 
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present in minute traces some substance alkaloidal in nature 
-which cannot be isolated in the free Btate by any of the 
standard methods. 

A few grams of the water extract were treated with 
ether and petroleum ether respectively, but on evaporation 
of the solvents no definite extract was obtained. 70 gms. of 
the solid water extract were refluxed several times with 
chloroform and the fractions collected. The extract was 
greenish yellow in colour. Chloroform was evaporated off 
when a solid residue of a whitish yellow colour weighing 
about 4 gms. was obtained. The whole product was then 
treated with hot alcohol several times which dissolved some 
portion- The residue was again dissolved in chloroform and 
on purification with animal charcoal, solid white waxy plates 
were obtained. The alcohol soluble solid was also similarly 
treated. The two compounds weighed only about 0'5 to 0*8 gm. 

[a) Alcohol soluble solid . — White cylindrical prisms, 
(M.P. 76 — 78®C.) contains no nitrogen or sulphur. Soluble in 
alcohol and other organic solvents but insoluble in water; 
does not answer to any of the alkaloidal reagents. Reduces 
Febling’s solution on hydrolysis by dilute HCl ; appears to 
be of g)nco9idal nature. 

(fi) Chloroform soluble solid . — "White flakes, W3xy in 
nature. Insoluble in alcohol, crystalline tendency to 
hexagonal shape. Shrinks at about 150 °C. but melts 
completely at 173 — 74 °C. Contains no nitrogen, does not 
reduce Fehling’B solution even on hydrolysis. On combus- 
tion the results were (C=54’01%, H = 7’02 $, 0 = 38*97$). 
Only one combustion could be done as the quantity of the 
substance was very small. 

The remaining residue was then exhaustively extracted 
with alcohol. The alcoholic extract was concentrated and 
dried over water-bath. The extract was of a reddish-brown 
colour, extremely hygroscopic and tasting exceedingly bitter. 
It contained a good amount of free sugars. Attempts were 
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mado to remove the sugar by acetone. All the ordinary 
organic solvents were tried bnt no pure solid could be 
recovered. However, a solid stuff was obtained after keep- 
ing it in a vacuum desaicator, which weighed over 13 gms., 
t-e., 17 per cent. Hut this too was extremely hygroscopic 
and could not bo crystallised. An acotyl derivative of the 
subatanco was prepared bnt that too could not be got in a 
crystalline form. Both the alcoholic extract and the acetyl 
derivative reduced Fehling’e solution showing the presence 
of free sugars. One combustion was done which gave 
(C=57*8 %^ H= 5*31 %). 


2. SOLANUM XANTHOCARPUM 

This plant which is known as Blmtkataya in Hindustani 
is of importance in Hindu medicine since long. The plant 
ia very wild in India. Root is at least biennial, stem none, 
leaves frequently in pairs, oblong, armed on both the sides 
with long, strong, straight spinos, bright blue flowers, calyx 
armed with straight spines, berries spherical, size of a large 
gooseberry, very smooth, when ripe yellowish green in 
colour. 

The root is much esteemed as an expectorant and is 
used in cough, asthma, catarrhal fever, and pain in the 
chest. Kantakari, as it is known in Sanskrit, is used in 
medicine in various forms. The roots beaten np and mixed 
with wine are given to check vomiting. The juice of the 
berry is useful in sorethroat. It is also a good diuretic. 
According to Hr. Wilson {Calcutta, -Me.di.Phys., Trans., 2, 406) 
the stems, flowers and fraits are bitter and carminative, 
and aro prescribed in those forms of the burning of the feet 
which aro attended with vesicular watery erruptions. In 
Bengal, the plant is much used as a diuretic and in dropsy. 
In the Punjab hills, the juice of the plant is administered with 
black pepper in rheumatism. A decoction of the plant is used 
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in gonorrhoea. It is also thought to promote conception in 
female. 

Regarding its chemical constituents, the fruits were 
found to give alkaloidal reactions corresponding to solanine. 
The dried leaves gave 20 7 per cent ash, containing a trace 
of an alkaloid and an astringent organic acid giving a green 
precipitate with ferric salts {Pharmacopeia Indies, 9, 553). 

The above represents the work that has hitherto been 
done on the plant. The present work was undertaken with 
a view to systematically analyse it. 

The dilate HC1 extract answered to all the colour 
reactions of an alkaloid with the nsna) alkaloidal reagents. 
Alcoholic extract gave a beautiful crystalline solid which 
was suspected to be the alkaloid or the active principle and 
therefore, a good amount of the plant was analysed. This 
product was afterwards proved to be potassium nitrate. 


EXTEMME-VTAI/ 

About 100 gins, of the dried plant was taken and well 
chopped into small pieces and made into as fine powder as 
was possible by mechanical beating. This was then filled 
op in big Soxhlet apparatus and extracted by different 
solvents in the following order : (1) petroleum ether, 
(2) chloroform, (3) ethyl acetate, (4) alcohol. 

Petroleum ether extract • — (1*6 per cent) dark yellowish 
brown oily mass smelling of chlorophyll. The dilate HCI 
solntion of the extract was tested for the presence of 
alkaloid bnt the results were negative. 

Chloroform extract. — (1*4 per cent) soft, greenish yellow 
waxy extract admixed with a little oily material. Properties 
similar to the above. 

Ethyl acetate extract. — (0‘8 per cent) pale greenish 
waxy materia). The dilute HCI extract gave a few tests 
for the presence of an alkaloid which could not be - definitely 
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confirmed, nor anything pore could be isolated from the 
entire extract. 

Alcoholic extract . — (12 per cent) pale greenish sticky 
solid, reduced Folding's solutions very rapidly. Small por- 
tion was dissolved in dilute HG1 and the solution answered 
to all the tests of alkaloids with the usual alkaloidal reagents. 
On dissolving tho entire product in alcohol and after allowing 
it to stand for 6ome time, beautiful whito silky needles were 
separated which were filtered and recrystallised- The total 
yield of this crystalline product was To per cent. Very 
soluble in water. Does not melt at all. The combustion 
results showed only traces of carbon bnt contained nitrogen. 
It was then finally identified to be potassium nitrate- The 
alcoholic extract did not contain anything other than 
potassium nitrate and chlorophyll- 

Attempts were made to preparo the lead salt in water 
extract of the plant and to obtain some solid product from 
lead salt by the decomposition of it by H g S, but the lead 
salt on decomposition with H*S and subsequent evaporation 
of the liquor gave brown sticky syrupy mass which could 
not be crystallised. 

Examination of the ash . — A small portion of the dried and 
powdered plant was burnt in crucibles. The total ash amount- 
ed to 10‘5 to 10*8 per cent. The soluble ash was about 8 per 
cent. The soluble portion was tested for inorganic radicals 
which showed the presence of magnesium, calcium, potassium, 
traces of iron, nitrate, sulphate and traces of chloride. The 
insolable portion was mainly silica and some alumina. 

Estimation of sugars.' — About 5Q gins, of the plant wove 
boiled with distilled water exhaustively- The extract was 
clarified with lead acetate solution and the filtrate and 
washings were made to 1000 c-c. On titration with Pavy’e 
solution, it was found to contain T6 per cent, of total 
reducing sugars on hydrolysis and 0*3 per cent without 
hydrolysis. 
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Enzymes — About 100 gm3.of the plant (finely powdered) 
were taken in a flask to which some distilled water wa9 
added and kept for two to three days. After filtration alcohol 
was added, which precipitated a brownish coloured solid 
mass amounting to abont 0'5 per cent. The plant, therefore, 
shows tho presence of Borne enzyme even when it is perfectly 
dried. 

The entire chemical examination of tho plant did not 
give anything else which is interesting. It appears, that 
potassium nitrate which is present to the extent of about 
2 per cent in combination with the traces of alkaloid may 
be eaid to be the active principle, and the medicinal pro- 
perties of the plant may bo doe to its presence. It is well 
known that potassium nitrate is an excellent dinretic. 

3. FUS1ABIA OFFICINALIS 

Fumaria officinalis (shaheterah : Pitpapra in Hindi) of the 
natural order Fnciareiace© is a herb rery common in India. 
The dry plant is generally much brokenup; mixed with it are 
many globular, smooth indehisccnl capsules, the size of a large 
pin’s head; seed Binglo, dark brown, crested, odour hardly 
any, taste bitter, slightly acrid and astringent. 

Several species of this family have long been used 
medicinally on account of the diuretic and the alterative 
properties. It is known to remove heptic obstrnctions, 
aparient and expellent of the humors but more specially of 
atrabilis. It is also a laxative and is beneficial in dyspepsia 
depending upon torpidity of tho intestines and in scrobulons 
skin affections. 

As regards its chemical examination, it is eappesed 
to contain fnmaric acid and a base kDowD as fnmarine 
observed first by Peschier and more fatly described by 
Hammon (J. Chem. 3Ied.,{3) VIII, 705]. The plant contains 
5 to 6 per cent of the base to which the plant appears to have 
its physiological properties- It is separated from its salts by 
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caustic alkalis or their carbonates in the form of curdy 
precipitates which may be' obtained as crystalline by 
spontaneous evaporation of its hot alcoholic solution. 
According to Preuss, fmnarine crystallises in irregular six* 
sided monoclinic prisms, solublo in alcohol, chloroform, 
sparing!}* soluble in water, insoluble in ether. Its composi- 
tion has not yet been determined. 

So much is tho amount of work that has hitherto been 
done on this plant. The present author was tempted to put 
the entire plant under systematic chemical examination on 
account of tho large amount of organic base (5 to C$) 
present in it. Aftor a number of preliminary experiments 
a systematic extraction of the entire plant was performed. 

Experimental 

About 10 gms. of the dried powdered plant were 
extracted by dilate IIC1. The extract was dirty red in 
colour, which was decolorised by animal charcoal. To 
different portions of this HCl extract, solutions of sodium 
carbonate, caustic potash and ammonium hydroxide were 
added. Tho precipitates were then separated off by filtra- 
tion. Tho precipitates were then again dissolved in dilute 
HCI. The original HCl extract, the filtrates from the three 
fractions and HCl solution of the precipitates were all put 
to various tests for alkaloids. The original HCI extract 
and the filtrates (after being made acidic) answered to tho 
presence of an alkaloid. Tho HCI solution of the precipitates 
did not givo any nlkaloidal reactions. 

These experiments go to show that the precipitates 
obtained by the addition of solutions of sodium carbonate, 
caustic potash and ammonia did not at all contain any 
alkaloid. Tho precipitates on extraction with alcohol were 
found to contain no organic product. They were finally * 
identified to he purely inorganic and are, therefore, the 
hydroxides and carbonates of some metals. 
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A few grams of the dried plant were exhaustively 
extracted with distilled water. The lead salt was then 
precipitated by the addition of a solution of lead acetate. 
The lead salt on decomposition by H 8 S and consequent 
evaporation of the solvent to dryness yielded a syrupy brown 
sticky substance which coaid not be crystallised- The 
mother liquor also after removing the excess of lead on 
evaporation to dryness yielded a sticky substance containing 
large amounts of free sugars. 

From another fraction of the water extract, tannic acid 
salt was precipitated. The precipitate was then mixed with 
lead carbonate and then was extracted with alcohol. No 
alkaloid could be recovered on evaporation of the alcohol to 
dryness. 

About 100 gras, of the powdered plant were exhaustively 
extracted with water. The mother liqnor on evaporation to 
dryness yielded a brown solid amorphous powder which 
amounted to about 29 gms- It smelt strongly of sugars and 
reduced Fehling'a solutions immediately. About 10 gms. of 
this solid were then extracted by the following solvents: 
(n) petroleum ether, (i) chloroform, (c) ethyl acetate, 
(d) alcohol. The first three solvents did not give anything 
other than little waxy material. Alcohol, howerer, extracted 
some brown stuff which contained sugars in majority. The 
dilnte HC1 solution of this alcoholic extract answered to all 
the alkaloidal reactions ; bat the isolation of the alkaloid in 
free state could not be achieved. 

About 100 gma. of the powdered plant were systemati- 
cally extracted in a big Soxhlet apparatus with the following 
solvents : 

(l) chloroform, (2) ethyl acetate, (3) alcohol. 

Chloroform extract . — (4 %) semi-solid, deep green wax. 

* Smelling of chlorophyll. A dilute HCI solution of this showed v 
the presence of some alkaloid in minute traces. 
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Ethyl acetate extract . — (1 %) soft greenish waxy material 
properties similar to obovo. 

Alcoholic extract . — (13%) deep dark brown solid; 
smelling of charred sugars. Reduces Fehliug’s solutions 
immediately. No coloration with ferric chloride, faintly 
acidic to litmus- The dilute HC1 solution of the extract 
showed the presence of a small amount of alkaloid. The 
majority of the extract contained sugars and resins. 

Estimation of Ash . — Contains 20'9 per cent total ash. 
The soluble portion amounts to 14 per cent. On analysis of 
the soluble portion for the inorganic radicals it showed the 
presence of calcium, potassium, sulphate, magnesium, and 
traces of chloride. Tho insoluble portion was mainly silica 
and alumina. 

Estimation of sugars . — The water extract of tho dried 
plant on clarification by lead acetate solution was titrated 
with Pavy’s solution. The total sugars amount to (77 to 
8 per cent). 

It will be apparent from tho above account that tho 5 to 6 
per cent of the base obtained by Hammon from the hydro- 
chloric acid salt by caustic alkalies or the carbonates are 
nothing else than inorganic hydroxides and carbonates of the 
metals such as calcinm, magnesium and aluminium. The 
enrdy precipitates described by him do not contain any trace 
of organic matter since it did not give any stuff on extraction 
with alcohol or any other organic solvents. 

The author expresses his best thanks to Dr. S. Dutt for 
his invaluable guidance throughout the present investigations 
and to the Kants Prasad Research Trust for a scholarship 
which enabled him to take part in the present investigations. 
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Siegbahn and StenstrOm* discovered as early as 1916 
that the K» lines of light elements are accompanied on their 
short wavo -length side by some faint lines, the origin of 
which conld not he explained. Since then, a large number 
of investigations have been made to decide the nature 
of these lines. Siegbahn and Poljsck* showed in 1920 
that there were five lines accompanying tho K« line of 
elements Na (13) to K (19). Later researches by Coster, 3 
Hjalmar, 4 Siegbahn and Larsson, 5 Thoraeus,® Druyvesteyn, 7 
Lindborg, 8 Richtmeyer, 8 have proved that the satellite 
phenomenon is quite general and that most of the strong 
lines in tho X-ray spectra (K«,, Kb,, La,, Lb,, Lb,, La,, Mo) 
exhibit it The chief characteristics of these satellites are 
the following : 

(l) They generally accompany a strong line towards 
the short-wavo side although some satellites to the 


Siegbahn and Stenstrom, Phys. Zeit., 17, 48, (1916). 

Siegbahn and Doljsefc, Zeit fur Physik, 10, 59. (1922). 
Coster, Phil. Mag., 41, 456, (1022). 

Hjalmar, Phil. Mag., 41, 625. (1021). 

Siegbahn and Larsson, Ark fiit Mat Astr. och Fysik, 
Band 18, Nr. 18 (1924). 

Thoraeus, Phil. Mag., 2, HOI. (1920). 

Druyvesteyn, Zeit fur Physik, 43, 707, (1927). 

Lindburg. Dissertations, Upsala University. 

Richtmeyer, Phys. Rev., 34, 574, (1920). 
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long-wave side are also known, e.g,, X/r, line of 
some elements while Ka, line of others have 
satellites to the long waveside. 

(2) Coster 1 in 1922 and Blcklm* in 1924 have 

shown that these lines require a higher excitation 
potential than the diagram line which they 
accompany. 

(3) That the difference in frequency between the 

satellite and the parent line is of the same order 
of magnitude for the different elements and 
different series. 

(4) These satellites are broad and diffuse and it is ' 

quite likely that a higher resolving power of 
the spectrograph will reveal a structure in 
them. 

(5) There seems to be an upper limit for elements 
which show satellites in a particular series ; for 
example, the K«, line has not been found beyond 
As. The satellites’ K«; and Ka, have not been 
found beyond Cl. Tbe satellites of the L-series 
show a similar behaviour. These facts are dealt' 
with in a later part of the article. 

WentzeJ’a Theory. 

The first attempt to explain these lines was made by 
Wentzel 5 in 1921. He suggested that the satellites are 
due to multiply ionised state of the atom. When the 
atom is doubly ionised, the charge on the nucleus increases 
because of the change in the screening ; and hence radia- 
tions of still shorter wavelength are emitted. The chances 
of an atom becoming multiply ionised are small and 

' Coster. Phil. Hag.. 4i, 458) (1922). 

* Bactlin, Zeif ftir Phytic, 27, 30. (1924). 

* Wentzel, Ann der Phytik , eh, 437, (1921). 
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consequently the intensity of the satellite is small. Thus, 
according to Wentzol, the X-ray satellites stand in the same 
relation to diagram fines as spark lines stand to the arc 
.fines in the optical spectra. Wentzol gave a scheme 
with the help of which ho explained all the satellites of 
K«, line. Drnyvesteyn, Borne years later, explained other 
spark lines in the L-series in a similar manner. 


Table 1 



1 Onicrs 

1 

Lino 

Initial State 

Final State 

l Kind 

- 

KL 

L* 

Second 


K* 

KL 

Second 

o' 

f- ■ 

K'L 

| Third 

- 

KL* 

L* 

Third 

.. 

K’ L 

KL* 

Third 


KL means that tho K-shell as well ns the L-shell is 
singly ionised. 


IvL 2 means that the K-shcll is singly ionised and the 
L-she)l is doubly ionised. 

Second moans double ionisation, and third means triple 
ionisation. 

Wentzol supposed that each spark lino results from one 
kind of multiply ionised state of the atom, and in order to 
explain tho five lines accompanying the K line ho takes into 
account two doubly ionised, and three triply ionised states of 
the atom. Thus Xa 3 results from the transition front a singly 
ionised K-slicll and a singly ionised L-shcll to a doubly ionised 
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L-shelL Hence its origin is denoted by KL— L 8 . The 6gure 
below is an explanatory diagram of NVcntret'e scheme. 



| K'L. 


The lines K«, K a> , and originate from those 

initial slates of the atom in which the K-shell is singly 
ionised and hence «,-•», =«, - 

Again, K 0 , and K„ originate from those initial states 
of the atom in which the K-shell is doubly ionised, and 
hence the atom behaves as though it has the next atomic, 
number. The conclusion is 

J*-i 

These two deductions arc the chief arguments in 
support of Wentrel’a theory. WetterbladV measurements 
made in 1927 support the above relations within experimen- 
tal errors. Drnyvesteyn, 2 arguing on similar grounds, pro- 
posed that the origin of the satellites of the K& line can bo 
ascribed to the transition KL*-LW. Farther, as 
(KL> - K r + L 2+ , 
and <L1R-L t +M r+l 

he obtains (FL ~ (K— il> t — )~ 

) 

or in other words 

’ Wetterbhd. Ztit fur Phytik, 42, 81 1, 

* Druyvesteyn, Zait fur Phyaik. 43, 707, (1927). 
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This carve when plotted does not tally exactly with the 
curve obtained experimentally. It is quite clear that 
Wentz el's theory may have some points in its favour, but it 
cannot explain the whole phenomenon in a satisfactory 
manner. At the time when Wentzel gave his theory, Pauli’s 
principle was not known and complex spectra were not under- 
stood. We know now that the ionised states postulated by 
Wontzol will give rise to far greater number of lines than have 
been discovered. Moreover, the Krlovel cannot bo triply 
ionised, for in the normal state of the atom there can be only 
two electrons in that shell. The chances of an atom being 
ionised triply are very small and so it cannot account for 
Ko, and Ka e lines which are fairly strong. Many workers 
bar © pointed out that Yrentzb J’s suggestion in its original 
form is untenable. Several other suggestions have been put 
•forth and in all these the main idea of Wentzel about multiple 
ionisation stands intact. Another important point conclusively 
established by Backlin 1 was that the excitation potential of 
theso lines is much less than doable the excitation potential for 
the diagram lines which is demanded by Wontzel’s theory. 

Before dealing with alternative theories, it is very 
important to discuss the fact as to how the atom comes to be 
in the multiply excited state and what the mechanism can be. 
Wenfzel's original suggestion was that the multiple ionisation 
occurs when the atom is successively bombarded by two 
electrons. Rosseland* in 1923 dealt with this question from 
tho theoretical point of view and cam© to the conclusion that 
the life in the excited states of tho atom is very small and the 
probability of its encountering another cathode particle is 
too small to account for the spark lines. 

B&cklin 8 showed that the intensity of the spark lines 
increases linearly with tho current instead of varying as' the 

* Buoklio. Zsit fUr Physik, 27, SO, (1924). 

* Rossoland. Phil. Mag., 45, 65, (1923). 

’ Baokiio, Zeit. fur Physik, 27, 30, (1024). 
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square of the current. Hence on the theoretical as well as 
practical grounds, the successive encounter theory is untenable. 
Proceeding from Thomson’s ionisation theory, Rosseland 
showed that the probability of two electrons being dislodged in 
a single encounter was of the same order of magnitude as would 
explain the observed intensity of the spark lines. Druyre- 
steyn 1 attacks the problem in the same manner but instead 
of supposing that two electrons arc knocked out in a single 
encounter with the same cathode particle, he assumes that the 
two electrons are removed in successive encounters. 

The arguments in favour of Rosseland’s- ticio are : 

The excitation potential must be considerably higher in 
the case of spark tines than in the case of diagram tines 
accompanying them. Backlin* in 1924, and Richtmeycr* and 
Jesse Du Mond in 1930 have proved it experimentally. But 
whether the excitation potentials of spark lines correspond to 
the sam of the excitation potentials of tho levels excited is 
a question which is difficult to answer, for the experimental 
difficulties are enormous and have not been overcome. 

The arguments against double ionisation in single collision 

are: 

(1) From optical spectra there is no conclusive evidence 
that two electrons can be ejected in at one 
encounter. Goudsmit and Pauling* have deduced 
some general conclnsious regarding the simultane- 
ous transition of two electrons. They are identical 
with the rules holding in the optical spectra; it 
amounts to saying that of tho two transitions, one 
should be allowed, the other should be forbidden* 
But numerical values for such transitions have 
not been obtained. 

1 Bruyvesteyn, Zeit fur Phyaib, 43, 707, (1027). 

’ Roa« eland. Phil, Mag., 45, 65, (1023). 

’ BSotlin, Zeit fur Physik, 27, 20, (1925). 

* Riehtmeyer and Jesse Du Mond, Phys. Rev. 36, 1044, (1930). 

* Goudittsit and Pauling, Structure of Line Spectra, p. 00. 
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' From experiments on the production of optical spectra 
by Franck’s method of cathode ray bombardment 
it is known in many cases tJi.it multiply charged 
ions arc produced and they appear to lie produced 
in single encounter, but this has not been clearly 
established. 1 

(2) This phenomenon should show itself in the absorp- 
tion also where we expect a discontinuity at the 
place corresponding- to the energy required to 
remove two electrons at the same time. Several 
observers have studied the absorption spectrum 
with this end in view. It is well known that 
when a beam of continuous X-rays is passed 
through matter the resulting spectrum shows 
absorption discontinuities at the limits of K, L, M, 
N . . . scries* They aro due to the removal of an 
electron by tho photon from tho K, L, M, X, • • . 
shells. A question now arises that if a photon is 
capable of removing two electrons simultaneously, 
say, one from K-sficff and the other from L-sltoH, 
there should be an absorption discontinuity at 
v = + *i ji approximately. 

Such an absorption discontinuity has not been clear- 
ly established, though from time to time several 
investigators announced the existence of the pheno- 
menon. Coster and Van dor Tuuk* tried it in argon 
but with negative results. Wentzel* reported that 
Siegbahn has observed tho phenomenon but the 
latter never published anything about it, probably 
because he could not prove it conclusively. 
Richtraeyer 4 experimented with Sn, but did not 

* Blcakney, Phys . Rev., 36. 1303, (1030). 

* Coster and Van derTuuk, Zeit fur Physih. 37, 367, (1926) 

* Wentzel, Zeit fur Physik, 31, 445, (1925). 

' Richtmeyer, Phys. Rev., 27, 794, (1926). 
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co mo across the expected discontinuity in the 
absorption spectrum. 

From a discussion 1 of values of absorption coefficients 
for Co over a wavelength region extending from K to half the 
value of K-region, Alexander* in 1927 showed that an absorp- 
tion discontinuity occurs at approximately half the K-iimit- 
This was subjected to adverse criticism by Richtmever.* At 
the present time it doe9 not appear that the presence of such 
absorption discontinuity at the wave-length corresponding to 
KK, KL, LL, I/M, etc., has been definitely established. But 
we may point ont that the difficulty of observing such a phe- 
nomenon has not been properly appreciated. It is well known 
that the Talne of the discontinuity at the K-litnit 


where is the number of photo-electrons released from 
K-shcll and 2 » L is the number of electrons released from the 
L-shctl. The discontinuity makes itself felt at the K-limit. 
Because as long as v is less than v % , n K —0. Now the 
extent of the discontinuity will depend upon the value of 
n,. or on the number of photo-electrons released in the new 
process that has conic into existence. If this is very feeble, 
the discontinuity may not be observed at all. For example, 
in the L, -discontinuity, we have 



In these cases the discontinuity may not be observed at all 
and actual experience tells us so- In the case which wo 
have got in riew, the value of tho supposed absorption 
discontinuity at « = 2 , we shall have 

, _ ”n + n x*- n L 


jr + “ n 


1 Alexander, Phil. line.. 4. 670, (1927). 
* Itichtmeyer, Phil. Hag., 6, 64, <t928). 
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The vaJco of s will depend on »**, ia, the number of processes 
in which two K-electrons are ejected simultaneously. 

On a priori grounds, therefore', the probability is small, 
o will be approximately unity, and unless very sensitive 
apparatus is used it is not possible to establish the existence 
of such discontinuity to the satisfaction of everybody. 

A very important experiment was done by Coster and 
Drayvcstoyn* on the origin of spark lines. This was the 
well-known method of fluorescent excitation. It is known 
that when an clement is irradiated by X-rays of sufficient 
high frequency, it emits its own characteristic frequency. 
Tho condition is that the frequency of tho irradiating radia- 
tion should he higher than **c if wo want to get tho K-speo- 
trum of tho clement. Coster and Druyvesteyn illuminated 
iron target hy Cu K« radiation and found that not only tho 
diagram lines K«„ o„ Kj, are excited but the K«, is also excit- 
ed. If we assume that this is a spark line this experiment 
clearly proves that tho incident of copper removes two 
electrons from K| and L t in one single stroke bat alternative 
explanation is also possible os has been done by Coster and 
Druyvesteyn. It may be that the CuK« releases one K-clec- 
tron from iron and imparts to it the remaining part of the 
energy ; i »«r * = h» c *K:°. ~ ltv F»J r». 

Tho electron ns it passes out (roiu tho K ( - level knocks 
out another electron from tho I.- or 51-level, and thus pro- 
duces double ionisation. The process is thus analogous to 
that of internal conversion of gamma rays as worked hy Ellis.* 
The intensity of the spark line should then vary with the 
frequency of the exciting radiations in a way regarding 
which guidance may be obtained from Ellis’s theory of 
internal conversion. In many other ways the experiments 
of Co3ter and Druyvesteyn can be improved. For example, 


1 Coster and Dniyvotejo, Zeit fur Phy&ik 40, 705, 1027. 
* Ellis, Free. Soc. A 105, JB5, 1924. 
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4C 

come acres* the expected discontinuity in the 
absorption «pwtrom. 

Prom a discussion of values of absorption coefficients 
for Co over ti wavelength region extending from K to luff the 
value of K -region, Alexan ler* in 1027 showed that an absorp- 
tion discontinuity occurs at approximately half the K-Hroit- 
This was subjected to adverse criticism by flichtmeycr.* At 
the present time it docs not appear that the prereace of Mich 
absorption discontinuity at the ware-length rorresj»onilinfr to 
KK. KL. I.l<, LM, etc., has been definitely established* Uni 
we may point out that the difficulty of observing such a phe- 
nomenon has not l>eon properly appreciated. It is well known 
that the raltm of the discontinuity at the K-limit 



where n % ts the number of photo-electrons released from 
K-shell anil is the number of electrons released from the 
I/^hett. The discontinuity makes itself fett at the K-litntf. 
Iteeause as long os r i$ less than r % , n K ~0. Now the 
extent of the discontinnity will depend upon the value of 
» c or on the number of photo-electrons released in the new 
proce*s that has come into existence. If this is very feeble, 
the discontinuity may not be observed at all. For example, 
in the I, , -discontinuity, we hare 



In these cases the discontinuity may not be obserred at all 
and actual experience tells us bo- In the caBe which wo 
hare got in riew, the toIoo of tho supposed absorption 
discontinuity at v = 2 , wc shall have 



‘ Alexander, VhtL Zfag., 4, 61 O, ( lt> 2 ~ >. 
* Riohtmejer, PAtf. Hag., 0, G4, (1926). 
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The value of 5 will depend 0 n»«, i\r., the namber of processes 
in which two K-clectrons are ejected simultaneously. 

On a priori grounds, therefore, the probability is small, 
J will ho approximately unity, and unless very sensitive 
apparatus is used it is not possiblo to establish the existence 
of buch discontinuity to the satisfaction of everybody. 

A very important experiment was done hy Coster and 
Druyvesteyn* on the origin of spark lines. This was the 
well-known method of fluorescent excitation. It is known 
that when an clement is irradiated by X-rays of sufficient 
high frequency, it emits its own characteristic frequency. 
The condition is that the frequency of the irradiating radia- 
tion should he higher than v K if wo want to get the K-spcc- 
trum of the element. Coster and Drnyvcsteyn illuminated 
iron target hy Cu K« radiation and found that not only the 
diagram lines K»„ •„ Kj, are oxeited hut tho K», is also excit- 
ed. If wo assume that this is a spark lino this experiment 
clearly proves that the incident » , * a| of copper removes two 
electrons from Kj and L x in one single stroke but alternative 
explanation is also possible as has been done hy Coster and 
Druyvesteyn. It may ho that the Cu Ko releases one K-elec- 
tron from iron and imparts to it the remaining part of tho 
energy ; £ m r * = h vc „K ~ x«. 

Tho electron as it passes out from the K,- level knocks 
out another electron from tho I.* or M -level, and thus pro- 
daces doable ionisation. Tho process is thus analogous to 
that of internal conversion of gamma rays as worked by Ellis. 1 2 
The intensity of the spark line should then vary with the 
frequency of tho exciting radiations in a way regarding 
which guidance may l»o obtained from Ellis s theory of 
internal conversion. In many other ways the experiments 
of Coster and Druyvesteyn can bo improved. For example, 


1 Coster anil Druyvesteyn, Z*it fur Physik 40, 7G5, 1027. 

* Ellis, Pro e. Roy. Soo. A 105, 185, 1024. 
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it can afford as valuable information regarding the minimum 
excitation potential required for the production of different 
spark lines. 

For example, if Ko, is produced as a result of double 
ionisation consisting in the removal of one electron from K. 
and another from L,, the minimum value of the exciting 
frequency should be »/R = 577 '4, in the case of iron as 
shown below. 

Fe K , • excitation level = 524'D 

L = 53~4 

K, + L, excitation =■ 577*4 

Hence K«, sliontd be excited only when Fe is irradiated 
by Xi K« whose */R valne is equal to G08*7 bnt should not 
be excited when Fe is irradiated by X; K«,. for y/R in Ibis 
case is 550. 

From considerations to be given later, all the satellites 
may not have the same origin ; Ka„ K«. may be due to single 
ionisation in Kj- shell, and single ionisation in Li- shell, hut 
K«,. K«, may be due to double ionisation in the K- shell. 
This hypothesis can be tested by Coster and Drnyresteyn’s 
method. If our theory be correct Ka,. *, can be produced in 
fluorescence when the irradiated radiations have double the 
** /ft of iron. It cannot be produced by the Ka, radiations of 
elements from Copper up to Sr, but can be excited by 
Strontium Kei • 

**./R of Fe = 524 

2v/R of Fc = 1048 

•^/R of Sr = 1166 

Sole . — Fop these Figures see Lindh’v con tri hut ion in die 
HandbueJt d«r Experimental Phytik, XXIV' — 2, pope 232. 

There are certain evidences of an indirect H3tnre regard- 
ing the simultaneous ejection of two electrons by 3 single 
photon in Robinson’s 1 experiments on the magnetic spec- 
trum of photo-electrons released by X-rays. The nature of 
1 Robinson, Prcc. Roy. Sac., A 128, 2), (1030). 
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these experiments are wet! known. Radiations of some 
elements arc allowed to fait upon a metallic plalo. Under 
the action of these rays, photo-olectrons are given out which 
are analysed by means of a magnetic field such that photo- 
clectrons of the same velocity are focussed at one point of the 
photographic plate. By knowing tho radius of curvature of 
the path of tho electron from the geometry of the apparatus 
and also from the value of the magnetic field used we get 
tho velocity of the electron. In this way, the energies of the 
photo-elcctrons can be studied. If wo subtract the energy of 
tho photoelcctron so obtained from the energy of the radiation 
used we get tho energy required to dislodge the electron 
from tho level which contained it. This value must agree 
with the characteristic level values obtained from X-ray 
spectroscopic data. 

But Robinson has obtained some faint lines which 
cannot ho explained as being duo to the release of a single 
electron from any known levels. 

It onnnot bo proved from Robinson’s experiments that 
two electrons nro simnUaneously ejected, one from L*sho)l 
and the other from M-shell. But against this hypothesis we 
may suppose, in a way similar to Coster and Druy vesteyn, that 
tho quantum releases an electron from the L-sbell and imparts 
to it tho energy 1353. As it goes out, it knocks off another 
electron from L, or any other upper levels in tho same way as 
in Ellis’s internal conversion. There seems to be no criterion 
in Robinson’s experimental results which can enable us to 
decide between the theory of simultaneous ejection of two 
electrons by a photon or a bombarding electron, or the 
theory of siDglo ejection and interna) conversion. 

Alternative Theories of the Origin of Spark Lines. 

(1) B- B. Ray’s 1 theory based on theory of complex 
optical spectra. 


* R B. Ray, Phil. Mag., 8, ??2 (l»29) 
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(2) Lange rV modification on B. B. Ray '3 theory. 

(3) Richtmeyer’s* doable jump theory. 

B. B. Ray’s Theory. 

At the suggestion of Prof. it. N. Saha,* B. B. Ray first 
applied the principles of complex optical spectra to explain 
the originof these lines, bat all the points conldnot he cleared; 
and recently on alternative theory on the same lines has 
been proposed by Langcr. In the following discussion we 
confine ourselves to the K spark lines. 

According to R. B. ray, the mechanism of prodaction of 
spark lines is as follows: The bombarding electron removes 
at one blow one electron from Kj , the other from Lj. The 
constitution of the inner incomplete shells is now !a.2s 
giving the terms l S 0 . *S,. Then an electron jumps from 
L, to K. The electron constitution of incomplete shells is 
now 2s.2p*. These give us the spectroscopic terms 
*P, s P 0 .i *• Hence we should obtain tlm following mnltiplei. 

1 'P *P* *P, *P. 


's» 


The arrangement of the lines in the form of a muUiplet 
is doe to B. B. Ray. 

N.B.~ Sometimes a sixth tin*' close to o' but distinct from is 
and called by a has been obtained. 


’ Longer, Phys. Rev. 37,457 (1931). 

* Richtineyer, Phil. Hag* 6, 64(1928) 

* Saba and Ray, Phys • ZeU. 28, 221, 1927. 
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The process may be described by the symbols now in use 

Is*. 2s. 2 p % < — Is. 2s. 2jj 5 

‘Pj *P *S, 

( jf <— ?z ) 

While this theory explains a few features of the spark 
lines it does not explain why we got 5 lines in place of 6 spark 
lines which arc expected. It may be mentioned that Dr. G. B. 
Dcodhar, 1 working in Siegbahn’s laboratory got a sixth line 
between « 8 and ° 6 in silicon, and denoted it by**. Bat it 
is not clear why silicon alone should show this line, and 
not the other elements. Deodbar also showed that « s is 
a close doublet. 

LaDger proposes that the origin of the lines may he 
represented by tho following symbol : 

ls*2s2p* < — - Is2s2p* 

*8. *S <— 'P 'P. 

This is merely B. B. Ray's theory repeated, with the 
addition that s P 0 i* is regarded as a single terra, the 
differences being too small for observation. According to 
Langcr the intercorabinations do not occur, hence this 
transition accounts only for two lines. 

| ‘P, ’P.„ 


■S, j - 

The other lines arc supposed to be due to tho process: 
1 <’ 2 j * 2p* <■ — 1 * 2s * 2 p* 

* P, * P < — 1 S 0 . 1 D, • P 

* Deodbar, Pro c. ifoy. Soc. A 131, 633 (1031). 
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i\e., the bombarding electron knocks out one electron from 
Kj and one from L 2 , and then one electron jumps from the 
I*» level to K, giving to the configuration la 2 . 2a*. 2 p e . 
Again, we count the three terms of 3 P as one term, and 
suppose that the intercombinations are absent. We obtain 


*P *P 


•D, x 

*P I x 

There is a very important point which none of these 
theories have sought to explain. It is found that after 
sulphur. « 3 and « 4 lines can no longer be traced « 4 dis- 
appears after Ca rather it becomes merged in « s and ultimate- 
ly «s is the only line to persist. This has been traced up 
to As. {ndr, however Coster and Drnyvcsteyn. Under 
ordinary circumstances, « 5 i9 the strongest line having 
approximately Vs of the intensity of • , while « s and «* ore 
very faint. 

Light on this point is thrown by the experiments 
of Blcklin on the excitation potentials of the spark lines 
of Al. According to Wentzel’s original suggestion, two 
electrons are to be ejected from the K,-level for 
exciting the spark lines called n 4 . The roinimnm excita- 
tion potential should therefore be at least double tho 
excitation potential of the K-lines. For Al, this is nearly 
1,500 volts, and Baeklin found that appears at a much 
lower voltage than the minimom voltage calculated from 
Wentzel’s theory,; in fact it appears when V is about 
1.700 volts. He concludes '.that this result is distinctly 
against Wentzel’s suggestion that both K-electrons have to be 
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ejected for exciting certain lines of spark spectrum. 
On this' point B. II. Hay’s theory is helpful, as the excitation 
potential of spark lines should exceed the excitation 
potential of K-lines only slightly, namely by Vl where 

Vl = and V t for Al is only about 100 volts. 

Rut a closer study of Backlin’s paper shows that the 
« 3 and « 6 lines come out first as very faint lines, only when 
tho excitation potential is 2,900, i-e., about double the K- 
potentiai, In Deodhar's experiment as well, the lincB 
■» 5 and a 6 , appear as very faint lines comparod to » s and «* 4 . 

These considerations and disappearanco of a 3 , a G after 
Sulpltur led mo to tho hypothesis that tho origin of tho two 


sets of linos is probably different, 

° 3 and 

% aro duo to the 

process is.* 2 s. 2 p* 

< — 

I s. 

2 s. 2p' 

1 s. 

< — 

2 p 


‘P„ ’P 

< — 

’So 

3 Si 

but » a and « 6 arc due to 

1 S’ 2 S 2 p* 

< 

2 W 

2 (p)* 

'P„ * P 

< — 

’So 



i.e., in tho second process the bombarding electron carries 
away both electrons in the lv-shell, leaving the constitution 
as 2s*2p*. Then two electrons simultaneously jump one 
from 2 p to l », tho other from -* to l *. Thus ono 
transition is allowed, the other is forbidden. We thus get 
the lines 



If this hypothesis be correct, the actual frequency of o s and 
“ 6 should he in the region of doable the frequency of the 
K« -lines, or the wave-length should be half. In other 
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words the lines called « s and a $ bare been recorded in the 
second order. Their faintness and non-appearance for 
heavy elements are doe to two causes: (1) As their excitation 
potential should be doable the excitation potential of the 
K-lines, the potential used in the heavy element was 
probably not sufficient to excite these lines. Thus for Cu, 
the excitation potential for K-Iines = 9,000 volts, and 
excitation potential for “ 5 and « e should be 18,000 
volts. If we want to obtain the lines sufficiently intense, 
with small exposure at least double this voltage ought to be 
used. In the experiments on spark lines, of elements after 
suiphnr the voltage was probably kept low, hence the 
lines did not appear. (2) When we expose for the K<» 

region, as has been usually done. ls*.2s.2p s < ls.2$.2p 6 

lines provisionally called («j« 4 )are exposed for the first 
order, while the lines have approximately half the 
wavelength of K-lines, hence they are exposed for the second 
order. Hence even with sufficient secondary voltage, they 
appear very faint. 

This hypothesis regarding the origin of the several 
spark lines m3y or may not explain all facts but it suggests 
the existence of a new class of characteristic lines (to which 
the author was led also from another independent line of 
reasoning) which owe their origin to the simultaneous 
ejection of two electrons from any shell, and simultaneous 
jumping of two electrons from some outer shell to fill np 
these vacant positions. Such lines will have approximately 
double the frequency of the dsu 3) diagrammatic K-and L- 
fines, and their structure will be similar to complex 
spectra in optical spectroscopy. The existence of such 
double transition L-lines in Tnngstcn has already Been 
demonstrated. 

My most sincere thanks are due to Professor 
M. Saha, D.Sc^ F.R.S., for suggesting me to write this 
article, and the active help and advice given in writing it 
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NOTE ON BESSEL FUNCTIONS 


BY 

V. h. MUTATKER, 

2tes$arch Student, Mathematics Department, 

In Article 1 of the present paper some expansions in 
terras of Bessel functions ato obtained and in Article 2 
certain integrals involving Bessel functions of zero order are 
evalnatcd. 

1. Certain Expansions in terms of Bessel Functions. 

It is known that* 



Differentiate (1.01) with respect to t and put t=c'° 

. i ’f" \ +r s, ‘)= if 

Equating real and imaginary parts, we have, 

1 z {cos (z sin0) + cos (z sin 0—20)] 

= n J n (z) [co8(n— 1)0+(— I* -1 cos (n-H)0] .. (1.02) 
1 

And 

i a (sin (z Bin 0) + sin (z sin 6—26)] 

— nJ„ (z) (sin {»— 1) 0— (— )" -, sin {n+ 1)0] (1.03) 


* Whittaker and Watson, Modem Analysis , Fourth Edition, 
p. 355. 
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Differentiate (1.02) twice ■with respect to p and pat 
0 ~Q. We hare, 

»t« - -«»->)]= 2 
1 

Differentiate (1.03) with respect to e and put e=0. We 

hare 


= (!-n= 2” ... (i.05) 

1 

2. Evaluation of Certain Definite Integrals. 

From the known resalt* 

T & (x)~— 2 J' cos (x co-*h u) du 
we hare 

r - i “ )= - 2 X cos tax cosh •«) du . . . . (2.01) 

Multiply both the aides of (2.01) and integrate 

between the limits 0 and •*. Then 

r r* t.r) 7 ^ 7* . _ 

/* *“ = ~ 2 L («+■*)* / 0 cos (aX cosh u) du 

Changing the order, this becomes 

/ To (ax) . ^ C . / cosf.xcosh ^ 

if+v r )~ •*) - d * 


Bot 


r™i™*dz 

Jo " +x » 




Therefore, 

/“Fo fax) <2a=~_Z- f (J-f-x cosh w)c _ * 

Jo »+« ) 2 Jo 


<?« 
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which by virtue of the formula 

K. (x)= J~ cosh n + e- ' co ' h » (!(, 

becomes 

f ,5 («*> i. {/£>(*)+*£' , (*'} . - . 
Jo (1+a *** 2 

But it has been proved that* 

-rW= f 

Jo <,+ “< 

Therefore (2.02) pices 


<i02) 


— jrxiTi(x) 




~ y« M <*» 


___ o (i+a*r 

prov 
s. 

f dx = * e (m* + 3m + 3) 

Jo (1+x 1 ) 1 16 


(2,03) 


Other results proved in the same way with help of the 
following integrals. 


f 0£L2*£-rfx = _£_e~ w Tifi + 15 m +«m' + m*l 
Jo (1 + *')* {Hi L J 

f. irrW * - - f Ct *■ te,+3 * K ' <*’ 

+(3 + ^-) Ko (x) ] (2.01) 

. „ , x . / -1(1-3 a*)— x* (l+a'l* v /_ , , , „ 

wx R t (x) = (f+oT Y 0 * ’ & 05 ) 


Quarterly xfoumal, Vol. 42. 
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£ Tt+?v dl = ~ §[3 <5 + *•>*.<*) 

+ 3 x (5 + — )K, (x) 

+ 3* 1 K. (*) + ^-K, W]„. (2.W 

2.1. He integral f &It !“*A dr 
3 M (i + o')‘ 

It is known ibat 

Jo (a *) = -J- sin (a * cosh u) rfu . . (2.07) 

Multiply both the sides of (2*07» by and into* 

grate between the limits 0 and «. 

We hare. 


f aJt > ^ 

U+aT 


*= * f - { r+vr J o,,J " 

1- f da f 

it Jo ./o (I+a ) 


on changing the order of integration. 
But 


Ii 


/ aJf (a x) a; f , „ -*co*h« 

—rr~, — rrr - dJ / COSfi tt e du 

U+a ) 2 Jo 

s-f-fiT.fe) (2.08) 

In a similar manner, by the help of the integral 


I 


r — (W* + Mi) * 
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t can be shown that 

rfc > = 55 (*"*. (il+aiA'.fel+i'/r.wi (2,09) 
2.2 . Product Formulm 

Multiply both the sides of (2.0S) by J 0 (a;), then, 


■f 1 (*) (*) = j* o Jo ( Q x) J° ix) ... (2.10) 

By virtue of the known result 

j. (») = —_/" Jo { V ( x * + y* —2 xy cos e ) } dd 

we obtain from (2.10) 

« r 

t^,(*> J '(*)=/iiwX J - *' (l + 

^-2o cos <#>)} d$ 

By making the transformation 

— 1 + a cos <f> =5 p cos s, a sin <f> = p sin 6 
a da is changed info p dp dB and 
wo have 


~ AT, (x) J 0 {*) 

But since 


a 


pdpdB Jo (rp) 

(2 + p* ^ 2 p cos”©) 1 


L 


(a+bcosf)' la'—*')' 1 ' 


therefore 
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Putting p* = 2 sinh 4 we get ' < 

x K i (x) Ja Or) = i J' |x^ 2 Binlt ^ j dtf 

. . . ( 211 ) 

Similarly we obtain from (2.09) 

£ I** K 0 (z) + 2 at K, (x) + z' K, (x)] Jo (*) 


“£ , *-& 3 & £Lj "*+ ■■■ *»> 



SECTION IV 

BOTANY 



^ STUDY ON THE RESPIRATION OF FRUIT 
OF CARICA PAPAYA (VERN. PAP1TA) IN 
RELATION TO CHANGES IN SUGAR 
CONTENT 

BY 

U. N. OHATTERJI. B.Sc. (Hods.), M.8c. 


INTRODUCTION 

The study of fruit ripening from the biochemical point 
of view had long been neglected. Rut in the las m 5 
much work has been done in this field rtp«* » 
stored apples, so that all the possible aspects of tl .c r pen ng 
and biochemical changes of this fruit have been thorong j 

'SX working on the carious proems of *0 
ripening of apples, came to the conclusion that b e r 
“growth as measured by dry weight proceeds «*» 
ing rate until the last month on the tree, when tt u ivory 
slow.” She found close correlation between starch .and 

1 »• » tint the “ soluble carbohjdrate 

and accumulation, and, that tne 

increase at first, remain constant while starch is being stored 
increase ui . „ T i.; s progressive conversion of 

“taJi“nto.Tro a .Ta nd finally into simpler sugars daring the 

workers, r . g , » Fmmett found that reducing sugars 

composition of pears. Emmett iouu 

accumulate because of the rate of oxidation bo '.ng sloe 
. . ■ *hnt the development of soluble 

than that of inversion, and that the ae f . 0 f 

pectin is the obief factor coacerned in the S 

the fruit." 
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A STUDY ON THE RESPIRATION OF FRUIT 
OF CAR1CA PAPAYA (VERN. PAPITA ) IN 
RELATION TO CHANGES IN SUGAR 
CONTENT 

BY 

U. N. OHATTEBJI, B.Sc. (Hons.), U.Sc. 
INTItODUCTlON 

The study of fruit ripening from the biochemical point 
of J hfd Ton, boon neglected. Bat in .he W - 
much work hue been done in this field 
stored apples, so that all the possible aspect* « .Ml » * P*“ ng 
and biochemical changes of this fruit have been thorough y 

"Z^nZ^a by dry weigh, 

stow. one in __ - soluble carbohydrate 

acid nccumulation, and, hat " , s , arc|| bein g stored 

increase at first, remain eons _ t I conversion of 

and finally increases rapidly. IMS prog . .. 

starch into sucrose and finally into simpler sugars during tb 
ripening of apple, h- also j£ 

Yorkers, c.g-, vans, f(jund ti|a , educing sugars 

composition of pea . oxidation being slower 

accumulate because of the 4etclopnl ent of soluble 

than that of inversion, and that tne » . - 

pectin is the chief factor concerned » the softening of 

the fruit-” ^ 
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Blackman and Parija have investigate \ into the respi- 
ratory changes of stored apples and found the rate of 
respiration increases towards their senescent phase. The 
cause of this rise is, according to them, “the lowering of 
organization resistance during senescence- A study of 
the variations in respiratory rate and changes in the sugar 
content during the ontogeny of the fruit of Carica papaya 
ha3 been made in this paper. 

MATERIAL A.VD METHOD 

The fruits of Carica papaya were gathered from a low! 
garden. The size of the full-grown fruits influenced the 
selection of the tree beyond anything else as very big fruits 
would be difficult to manage. Weight, size and position 
on the tree were taken to bo the chief factors determining 
the age and different stages of the ontogeny of the fruits. 
The colour of the fruits when fully ripe was somewhat 
reddish yellow. 

For measuring respiration the well-known air- 
commutator devised by Blackman, with Pettenkoffer tubes, 
was used. The whole apparatus consisted of four parts. 

(1) A thermostat bath was maintained at a tempera- 
ture of 34'C to 35°C. In it were kept the respiratory 
chambers which were wide-mouthed glass jars covered with 
black cloth. The mouth was fitted with a rubber-stopper 
carrying two glass tabes bent at right angles — one connected 
to air-commutator and the other to another bott’e filled with 
strong potassium hydroxide solution —to absorb carbon 
dioxide from the ingoing air-current. 

(2) The air-commutator is so well-known that it 
hardly needs any description- It is a device by which the 
respiratory current 13 automatically shifted on to the next 
Pettenkoffer tabe after some fixed interval of time. This 
interval W3S three hoars throughout this wort. 
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(3) Then there were the Pettenkoffer tubes each filled 
with 25 c.c. of baryta water of known strength with abont 
40 c.c. of water to absorb the carbon dioxide from the 
respiratory current which bubbled through the solution. 

(4) The Pettenkoffer tubes were connected to an 
aspirator which dropped at a uniform rate, thus drawing in 
a alow and constant current. 

The content of each Pettenkoffer tube was poured out 
after the regular respiratory current had passed through it 
and titrated with standardised hydrochloric acid. The 
amount of carbon dioxide absorbed was calcolated from the 
difference in the quantity of the acid used to neutralise this 
and 25 c-c. of baryta directly. 

For Bugar estimations a piece of the fruit was weighed 
out and then boiled in water to kill the enzymes. The piece 
was then crushed and the paste thoroughly mixed with the 
same water which was used to kill the enzymes. The whole 
mass was then filtered by means of a Buchner Funnel. 
Lead acetate was added to the filtrate for precipitating 
tannin. This was filtered and the extra amount of lead iu 
the filtrate was got rid of by repeatedly passing hydrogen 
sulphide. The surplus amount of hydrogen sulphide was 
boiled off. The volume of the solution was measured and 
the amount of sugar was estimated by titrating against 
Pavy’s solution. For the estimation of disaccharides a 
known volume of the leaf extract was previously boiled with 
about lc.c- of concentrated hydrochloric acid and then 
neutralised with sodium bicarbonate. The difference between 
the results obtained with hydrolised and unhydrolised fruit- 
extracts multiplied by ‘95 gave the amount of disaccharides. 

In all seven experiments were done and all were run 
for 96 hours. For starting an experiment three fruits of 
approximately the same size and weight were chosen— one 
was washed with potassium permanganate solution and kept 
in the respiratory chamber for measurement of CO s output, 



Mt» COj p *r 10 r n '- M|i Sujar [*r jr«m. 
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a Beeond was kept in reserve in another bottle in same bath 
and connected directly to an aspirator and the remaining 
one was treated for sugar estimation. The second sugar 
estimation was made from the reserved frnit after 48 hours, 
and the third from the one kept in the respiratory chamber 
after 96 hoars, i'a after the termination of the experiment. 

EXPERIMENTS AND INDIVIDUAL RECORDS 
It will be advantageous to examine the individual 
records of each experiment before passing on to the general 
discussion of the results. For only a study of the experi- 
mental data will bring out the points to he discussed. In all 
seven experiments were done and the first seven graphs 
represent the resell of each experiment. In the first experi- 

Grapli No. 1- 

20 

10 

o . — - - ' 1 - ' — 


t — 

Hour* — 


ment (Graph No. 1) the fruit was very small weighing only 
11'9 pins. The CO* oatput begins at 10 mgs. and gradually 
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comes down to lower than 4 tngs. The sugar content — 
both monosaccharides and disaccharides— is very email 
and does not show any appreciable falling off. 

The satno condition of things obtains in the second 
graph, although here the initial rate of respiration is lower 
than in the previous case .and the amounts of both disac* 
charides and monosaccharides have increased. 


Graph No. 2. 


to 

8 


6 

4 

2 

0 


0 12 
Hewn—* 


24 


36 


. Respiration 
■ Dfucchartdt 
• MonoufcWidc 


W ?2 4M §6 


In the third graph the monosaccharides content Las 
gone considerably up ; but not so the disaccharides which 
retain very much the same position they were in previously. 
Respiration begins at a lower rate from the very beginning 
and goes on falling till after the sixtieth | 10nr when H 
attains almost a constant rate. But contrary to the fall j 0 
CO 2 value that of sugar is not appreciable. 
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sixth hoar after which descent comes aboat rather ahraptly. 
The yellowish patch had considerably increased and had 
taken a deeper hue when the fruit was examined after the 
twenty-fourth hoar- When seen after the forty-eighth hour 
Graph No. G. 



almost the whole fruit was reddish yellow and soft and 
velvety to touch, and remained so when it was taken out 
after the conclusion of the experiment 

In accordance with the humped nature of the respira- 
tory curve, the monosaccharide content shows a corre- 
sponding rise and fall, bnt the amonnt of disaccbarides 
remains constant. The rise in the respiratory rate causes a 
heavy drain on the simpler sugars which are oxidised and 
therefore more of the polysaccharides must be hydrolysed in 
order to keep pace with the accelerated oxidation process 
and this may be the cause of its sudden increase. 





Mgs COj per 10 fmi. , Mgs. Sugar per gram 
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A quite ripe fruit was employed in the seventh experi- 
ment. It was quite reddish-yellow at the time it was put 
Graph Xo. 7. 



into the chamhor. Tim CO, value begins at high level, 
remains almost constant for about twenty-seven hours, then 
falls ami becomes rather parallel with horizontal at about tho 
sixtieth hour. The nmonnt of monosaccharides shows an 
appreciable descent corresponding to the respiratory drift 
and bo does also tho disaccharido content but slightly. 

GENERAL DISCUSSION 

J. Comparison of the CO, and sugar values. 

It lias been soon previously that the CO s values begin 
at higher level and gradually come down except in cases 
where factors connected with the ripening or tho senescence 
of the fruit influence the respiratory drift Tlte descent , 
of the respiratory curve probably implies starvation. As 
in the detached frnit the store of substances to bo utilised 
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iq metabolic process ia rather limited, to continue respiring 
at the initial rate would mean a speedy depiction of the 
materials. And as simpler sugars are the substances ordi- 
narily used in oxidative processes, a high respiratory rate 
would naturally lead to a rapid hydrolysis of the higher 
carbohydrates. The drain on the limited Btore would 
make its consequence felt and therefore respiratory rate 
would necessarily come down. Thus the gradual fall of the 
the CO i output from the initial values indicates this adaption 
to chanced conditions of oxidative materials in time and 
the almost constant rate that follows it synchronises with 
physiological balance between higher carbohydrates to simple 
sugara and their consequent oxidation. 

Now, aa reducing sugars are utilized in respiration, the 
amount of such sugars lost during a certain time should give 
an indication of CO, evolved. Bat the amount of CO, cal- 
culated from the quantify of sugar lost daring each experi- 
ment falls far short of that of the CO, actually given out, 
except in experiment No. 7. Similarly, the loss in calculated 
amount of sugar from the actual quantity ol CO. evolved 
during each experiment ia far in excess of the observed loss 
of sugar. The following table (Xo. 1) will make it clear : 


Table I 


Experi- 

ment 

No. 

Total amount 
of sugar lost 
per grain of 
material from 
observation 

Calculated 
amount of sugar 
per gram of 
material from 
CO, given out. 

Total amount 
of CO, given 
out per gram of 
material from 
observation ! 

Calculated 
amount of 
C0» per gram 
of material 
front loss of 
sugar. 

1 

6 Mgs 

1281 Mgs : 

18-70 Mgs. 

88 Mgs. 


2*0 „ 

I2‘34 „ | 

18 1 

4-3 

8 1 

8 „ 1 


t5'U5 „ 

8-8 „ 

A 

4 ! 

9 '65 „ 

1415 * 

6-2 „ 

b 

6 „ 1 

9-46 „ 

13 b8 

8‘8 „ 

6 ! 

10 „ 1 

! 1570 „ 

2303 

I4« 

7 1 

22 „ 

15-42 „ 

22-6' 

32‘2 „ 
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This anomaly is oxplaino l by tho constant hydrolysis 
of tho higher to lower carbohydrates, and thus making Rood 
the loss of the latter by respiration. 

2. The drift from the green to the senescent phase. 

Tho initial respiratory and monosaccharide and disac- 
charido values of all tho experiment arc plotted in the 
following graph (Xo. 8). The various curves have been 
correlated to the age of the fruit, in the following way : 

Tho age of tho frnit with which the first experiment was 
started is taken to he zero. It becomes then easy to represent 
the age on the abscissa ns the number of days that se pant to 
two consccutivo experiments is known. It will ho seen that 
tho respiratory drift begins nt a high level with tho green 
and immaturo frnit. It gradually descends throughout tho 


Oraph X<>. >»• 


-.MotwwctlufOc 
-* DwcUiik 


period the fruit remains green but ascends about and at tho 
iimo of ripening. While on tho other hand, from the immature 


Mp CO, prr 10 trail. (bf^s, Sujir per firm. 
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to Hie senescent phase the monosaccharide value continues to 
go up and the di$accharidp3 increase for some time and 
then remain constant- That the CO* output continues to go 
down and the monosaccharides go on accninnlatingis strange 
in view of the fact that the latter are the chief materials used 
in respiration. The possible explanation would probably 
come from what Blackman and I'arija have aptly termed os 
“organisation resistance”— thr protoplasmic control over 
the metabolic flux. Or, it may he that sonic other internal 
factor, probably the respiratory enzymes, is limiting; or the 
varioas products of the biochemical reactions within the 
maturing frnit act as depressant. It may be that these 


G raph No. 9. 



together bold the oxidative process in check, or that singly 
they are of varying importance at one or other phase of the 
ontogeny of the frnit. At the time of ripening the respira* 
tory drift once again goes up. This is as Blackman 
and Banja suppose due to the lowering of organisation 
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resistance or the lowering of protoplasmic grip over the 
metabolic reactions. The same condition of things may be 
seen in graph No* 9 whore, instead of the initial data as in 
the previous case, the average values of the carbon dioxide 
and disaccharide and monosaccharide contents of each 
experiment aro plotted. 

3. The ratio and the respiratory drift. 

In the following graph (No. 10) the average C0 2 
values and the mean ratio have been plotted. 

Both the respiratory and ratio carves correspond with each 
other — tho latter like the former starting high gradually 
comes down and then ascends. When respiration is high 


Graph No- 10. 



more of simpler sugars should be present than the higher 
ones and so the ratio is high in tho beginning and towards 
the ripening phase of the fruit Between these two the 
ratio varies according as the respiration is high or low. 
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SUMMARY 

1* A study of the respiration and monosaccharide and 
disaccharidc contents of the fruit of Carica papaya from the 
immature green to the senescent phase ha9 been undertaken. 

2. The respiratory drift is high in the immature green 
stage, gradually falls during the mature green and rises 
again in the Benescent phase. 

3. The monosaccharide content is low in the beginning 
and rises gradually throughout the mature green and sene- 
scent phases. 

4. The disaccharide content is very low at first, rises 
for some time and then remains constant. 

5. The rat *° f°H° W8 closely the respi- 

ratory drift. 

1 mast thank Dr. Ranjan for his bind help and 
criticism. 
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1. INTRODUCTION 

The present problem, suggested by Professor Bhatta- 
charya, was undertaken with a view to verify the observa- 
tions recorded on the same animal by Hogbcn (36), V. Nath 
and P. ifohnn (55), and to ascertain if the follicle cells 
contributed any of their Golgi contents to the developing 
oocyte. 

The believers in the “Golgi” infiltration theory, advocat- 
ed by Professor Bhattacharya and his pupils and Dr. Bram- 
boll, aim at bringing to light tbo fact that tho egg receives a 

* Thesis submitted in lieu of two papers for the M.So. degree. 
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fresh quota of Golgi elements from the follicle cells in the 
manner described in this paper, and as in the case of the 
nntrient materials of "Waldeyer (70) and Loyez (39), a 
possibly important physiological r61e 19 being played by 
these bodies during the development of the egg. 

To elucidate the true nature of the cytoplasmic inclu- 
sions daring oogenesis, Intra-Vitim observations by fresh 
cover-slips preparations were also resorted to and the results 
of the fixed preparations were confirmed by these Intra-Vitam 
observations. Both the methods having been tried, the 
confirmatory observations have been recorded here. The 
experiments have been carried out repeatedly and the 
figures that are given at the end of this paper represent 
typical appearances for each stage. 

Here I take the opportunity of expressing my deep 
sense of gratitude to Professor Bhattacharya, under whose 
guidance this work was carried out. 

Z PREVIOUS WORK 

Hogben (’20) in his studies on synopsis (36) describes 
the formation of albuminous yolk in the oogenesis of 
Periplaneta americana from nucleolar extrusions. He 
describes two kinds of nucleolar extrusions. In the oogonia 
the nucleolus is in the form of plasmosome which in early 
oocytes emits raionte deeply staining particles in the 
cytoplasm which migrate to the periphery of the oocyte 
where they are either ejected or transformed into some 
material no longer distinguishable from the ground cytoplasm 
itself. When this has completely ceased, at a certain point 
which has a definite relation to the deposition of yolk 
the plasmosome loses its opacity and becomes vacuolated. 
At a later stage these vacaoles become granular and acquire 
a more chromatic form. The vacuolar bodies within the 
plasmosome are cast ont and make their way through the 
nucleolar membrane to the periphery of the egg. As these 



PERIPLANETA AMERICANA LINN 

intranucleolar tidies which may be termed dcutosomes 
are discharged, new vacuoles appear within the plasmosomc, 
until the deposition of yolk in the ncriphery of the egg is 
nearing completion. Hoghen has simply noted the presence 
of mitochondria without assigning to them any function- 
So far ns tho Golgi bodies and their relation to the process 
of vitellogenesis aro concerned ho docs not make even n 
passing mention about them. 

V Nath and 1 \ Mohan in their work on oogenesis of 
Periplaneta amcricann <55> are in substantial agreement 
with the observations of Hogben so far as tho nucleolar 
• activity is concerned. Theso workers like °K ,cn 
make mention of mitochondria and state that there » not ing 
interesting about mitochondria. Unlike Hogben icy 
studied the Golgi bodies and their relations 0 the process 

of vitellogenesis in the production of fatty yolk bodies. 

Imre also described cortaia “ bacterioids which always ho 
the periphery of tho egg. ...... „ onnP 

Yery recently (Jan. '3D Gresson has published a paper 
on yolk formation in Periplaneta oriental., (32) In th 
work no mention of mitochondria is ,n ® e a a 
vesicles are said to give rise to fatty yolk bodies, and in nentral- 

red preparation during intra-vitan. observations are said to 

appear s non-stainod vacuole, developing a- osimoP 
2 on introducing a few drops . 2 per cent osmio >c,d 
under the cover slip. Albuminous yolk is said to 
the nucleolar ovtrnsions, two types of winch have been 
described. The nnelcoli of the early oocytes are said to be 
amphiphilic or slightly basoplii! giving out nuc 
sions which are strongly basophil. These disappe r 
probably dissolve in the ooplasm. Them substance a a 
later stage probably contributes in some way towards yo 
formation. The second type which appears later is a 
basophil. Theso become vacuolated and undergo fragmenta- 
tion to form small dark grannies. These are dissolved in 



8S THE ALU It A EX 0 OjnVERSITY fiTUDIHS 

the cytoplasm and their substance is said to form clear 
vesicles ■which increase greatly in size and form the albumi- 
nous yolk globule9. 

Tims these observations are in general agreement with 
those of Hoghen ; V. Nath and P. JUfohan on Periplaneta 
americana. Gresson, like Y. Nath and }’- Mohan, farther 
describes “ Bacterioids ” in the ooplasm at the periphery 
of the older oocytes. He al9o states that the oocyte nuclei, 
nucleoli, and nucleolar extrusions are devoid of chromatin. 

3. MATERIAL AND TECHNIQUE 

The materia! for the study of the cytoplasmic inclusions 
in the oogenesis of Periplaneta americana Linn consisted 
of ovaries from young specimens. In the female a pair of 
ovaries are situated in the hinder part of the abdomen below 
the intestine and embedded in fat and haemocoelic packing 
tissue lying on their surface. Each ovary consists of eight 
threads winch show an anterior tapering and beaded 
appearance due to a row of ova. Each bead contains one 
ovum. The eight threads of ovary are attached by means 
of a terminal filament to the wall of the body cavity anterior- 
ly. The size of the ovarian threads and the beads depends 
upon the maturity of the female. In 3 foil grown female 
specimen they are of conspicuously large size greenish or 
brownish in appearance. 

The specimens were killed by severing the head quickly 
by means of a pair of scissors. Great care was taken 
to lose as little time as possible between the killing of the 
specimen and the subsequent fixing of the ovaries, to avoid 
as far ns possible any post-mortem changes. 

Nearly all the female specimens dissected in the first 
instalment in August and September were well grown 
mature feroaIe-3. As a result of this, early stages of eggs 
were difficult to get. But the females from the second 
instalments in January possessed ovaries which were not 
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in n very advanced stage of development, and all the stages 
right down fro,,, the oogonial to the fairly advanced oocyte 
could easily be found. This implies that the months or 
September and October are the breeding seasons of these 
animals. Satisfactory results showing the early stages of 
the oogenesis wore naturally obtained from the material 
obtained in wintor. 

The following fixatives were nscil : , 

For the demonstration of Golgi bodics-DaFano s cobalt 
nitrate formol method and Ledford's latest method of the 
modified Mann-Kopsch's corrosive osimc fixative, were fonn, 
to be very satisfactory in bringing out the desired resu s. 

In silver fixatives both toned and untoned preparation, 
were made. This process of toning which consists in treating 
the sections with 2 per cent gold chloride solution was ijjW- 
duced first hy Golgi in 1908. In this process he mlucea 
silver is replaced hy gold while the excess of “nstalde silver 
still present in the sections is dissolved out. The 
. then treated with 5 per cent sodium hyposulphite solution. 

This fixes the substituted gold, and dissolves out the romam- 
1 ing .unstable silver. The slides wore stained with Ivon 

haematoxylin and Oatenby s safranin satura edsola ion 

safraninin aniline water and in absolute alcohol in the 
ratio 1 : 1) and light green stains. 

In osmic fixatives both bleached and unbleached prepa 
rations wore made. The process ofl bleaching con tl . » 
oxidising sections to such a point that the general prcci , to 

tion of osmic acid in the cytoplasmic hao ground ,s removed 
without serious loss of colour from the more Warned 
Golgi bodies. This process was first introdnc J 
in 1908. The bleaching was done by Honnegny. method 
hy employing 1 percent KMnO. solution and 
then treated with 4 per cent oxalic acid to reran al trace 
• . The sections were os usual 

of oxidising reagent— KMnO* • K ]] tri plp sta in 

Btained in Iron-haematoxylin and Champy 
p. la 
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(u per cent acid Fuchsia, '25 per cent Toluidm blue, 
*f> per cent alcoholic Auraatia and absolute alcohol). 

For the demonstration of mitochondria modified 
formula of Charopy-Xassanow, Regand-Tnpa’s fluid and 
Regaud’s formol bichromate method, were the processes 
employed. Generally speaking all of them were found 
to ho very successful giving very satisfactory and con- 
vincing results, 

Champy-Xassanow's method and Regaud-Tupa’s fluid, 
however, might specially he emphasised as giving excellent 
results. In Champy-Xassanow fluid both kinds of yolk 
bodies were very nicely fixed besides mitochondria. 

After Regaud's fixation post-chroming is necessary 
because hr soaking tissues in K»Cr 2 07 one prodaces 
stainable compounds of cell protein and lipoids 
which may not he easily dissolved out by alcohols, and 
clearing oils. 

Bonin’s picro-formol and Carnoy’s fluid were employed 
to study and demonstrate the nucleolar extrusions. 

The sections were stained with Iron-haematoxylin and 
Mann's methyl blue eosine. Tbe latter stain proved success- 
ful in so far as it left the cytoplasm clear without bringing 
about its granular structure. 

AH the stock solutions of the reagents were freshly 
prepared with scrupulous cleanliness and the fixatives were 
prepared only when needed. 

For (he Intra-Titam examination neutral-red, Janus 
green B and 2 per cent osmic acid were employed. Neutral- 
red and Janus green B were freshly prepared 24 hoars 
before use and kept for ripening at 55°C. 

A few female specimens were fed with neutral-red 
mixed with cheese and also with some syrup placed on the 
slices of bread. Such specimens were found not to live 
long. Tbe nentral-red feeding apparently seemed to have no 
effect on tbe ovaries. 
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4. OBSERVATIONS 

U) Intro- Vilam Exomimtion.-Omks were taken out 
and placed in vory dilute neutral-red eolation (four drops o 
the stock solution added to BO e.o. of phjs.olog.cal saK 
solution) for about 20 .ninutes. They avere then cammed 
under oil immersion lens and strong light. I” - 

oocyte a patch of pink-coloured body was observed near the 
nucleus (Fig. 80, V). This patch, >t was observed, cons.ste 
of about five to six small separate vacuoles ^ 

had run together. These bodies were recogn.zed as Parat 
vacuome or Gatenby'. vacuoles. In a slightly older oocyte 
two such smaller patches of vacuome wore obser th In 

forming the yolk-nucleus of Balb.am. In the next stage 

^'“ThLr^rr^^tmu^twopcr^ 

osmic acid under tlie cover slip, FVB.); 

a colourless coroafterabout.cn m.uutes (F.g_ «■ > > 
these were identified as the fatty yolk « c s. ttst.net 

Golgi bodies clearly vesicu- 

occup.ed by vacuome. The Go E osm iophobic 

,at “ orf bml— also crescent-shaped. 

iZm not 8 , somehow, meet with crcscentm Golg. bod.es .n 
the fixed preparations. Nether Hog cn, ^ ttoiniDg 

fhf:’:,:; 8 ; :r:r.°r Moreover .he ^ .« 

tno material prcs centic Golgi bodies about 

observers lmve also 6cen 
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the existence of which no doubt exists in the present case. 
According to Y. Nath such crescentic forms are artifacts 
due to the improper ostnic impregnation or optical sections. 
But if ibis is so, at no time do the crescentic Golgi bodies 
disappear howsoever long the osmication is continued. 
Unlike V. Nath and I*. Mohan, I do not find Golgi bodies 
stained with nentral-red. 

Fresh ovaries were also treated with two per cent ostnic 
acid only for about 20 minutes and were examined, Cres- 
cent-shaped and vesicular Golgi bodies appeared clearly 
(Fig- 34, C. G. B. & V. G- B.). This confirmed the previous 
observations that the crescentic forms are not the artifacts 
as a matter of partial impregnation but they do really exist 
us such. Fatty yolk bodies appeared as highly refractory 
bodies The distribution of Golgi bodies os seen in the 
Intra-Vitam observations farther confirmed my conclusions 
arrived at by the aid of fixed preparations. Their distribu- 
tion also agreed with the distribution of vacuome already 
stated. This led me to the conclusion that the Tncuome are 
intimate associates of the Golgi elements. This has been shown 
by Gateoby (24) and others in a number of cases. In the 
oogonial stages, which were observed in the terminal filament 
of the ovarian thread two or three distinct Golgi granules 
were seen lying in the vicinity of the nuc)eu«. 

Fresh ovaries were also treated with Janus green B 
eolation (4 drops of stock solution added to 50 c.c. of 
physiological salt solution) for about 10 minutes to Bee 
mitochondria. They appeared as dust— like grannies stained 
green (Fig. 35 XI). At the periphery of the oocyte and near 
she baton- shaped mitoeliouAcia. were also observed 

and some of them were even seen breaking up into sow!) 
grannies to form fine dust like granular mitochondria of tie 
advanced oocyte- None of the previous workers has made 
use of this vital dye for the demonstration of mitochondria. 
Gresson — as has already been mentioned— does not eveD 
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mention mitochondria in his observations on this animal. 

1 have not been able to see the breaking op of baton-shaped 
mitochondria in. ray fixed preparations* In the same prepa- 
ration were also observed some refractory bodies. These 
wore identified as albuminous yolk bodies which do not take 
either of the two vital dyes. Their distribution agreed with 
that observed in the fixed preparations. After about 20 
minutes, one striking thing attracted attention- Some vesicular 
bodies began to appear in the same preparation in the places 
occupied by the Golgi bodies as seen in the fixed prepara- 
tions and by the Intra-Yitam examination of the oocytes in 

2 per cent osmte acid* These were recognised as the Golgi 
bodies (Pig. 36, G. It.). It is a well-known fact that Golgi 
bodies come into view after prolonged treatment with Janus 
green li. Bactorioids wero also noted in the fresh pre- 
parations. They are very numerous and are situated at the 
periphery of the ovum. 

(B) Fixed Preparations-— Golgi Bodies - — In an oogonium 
there are seen in the DaFano preparations stained with 
safranin light green two or three granular Golgi bodies in 
the cytoplasm which is almost clear and homogeneous- 
(Fig. 1, G.B.). At this stage the nucleus occupies almost the 
entire space of the oogonium. As this oogonium develops to 
form an early oocyte the cytoplasm near the nucleus carrying 
the Golgi bodies becomes dense and is differentiated into a 
juxta-nuclear area called the “Yolk-nucleus of Balbiani" or 
simply the “Yolk-nucleus" of D’HoHandec, Gatenby, Bluitta- 
ebaryn, and others (Figs. 3 & 9, YN.). This dense area takes , 
■stain more readily standing in sharp contrast to the rest of 
the cytoplasm of the oocyte. In the subsequent Btages it 
acts as a focus of growth and dispersal of the Golgi bodies. 
It ia very difficult to make out the exact shape and nature 
of tho Golgi bodies in this area due to their being closely 
packed op and sometimes due to the extreme blackening 
by silver nitrate or osmic acid impregnations. • In a 
/ 
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slightly advanced oocyte (Fig. 10) a peculiar and an unusual 
feature presents itself. Here tiro jnxta-nnclear aggregations 
of Golgi liodies lying on opposite sides may he seen. 
Whether both of these originate independently or the 
second is a part of the older specialised area (YolJr-nuclens) 
it is difficult to say in the absence of any intermediate stages. 
Brambell (12) in the fowl has described several such areas 
in an oocyte of a six weeks old chick and describes them as 
an abnormal arrangement of the Golgi bodies. This peculiar 
feature has also been observed in the oogenesis of Calotes 
vcreicolar by Hntta and Asana (16) in this Laboratory. 
This stage is followed by a dispersal stage when the Golgi 
bodies become irregularly distributed in the cytoplasm either 
singly or in patches (Figs. 4, 5, 11 & 12, G. U.). By now 
tho process of fatty yolk formation js fairly advanced. By 
bleaching the 6lidps carefully it is possible to distinguish 
between the fatty yolk and the Golgi bodies. It has been 
found that a regular process of infiltration of the Golgi 
bodies from the follicular epithelium cells to the cortical region 
of the oocyte has been goingon (Fig. 13, INF). The Golgi 
bodies from the follicular epithelium cells arc transported to 
the periphery of the oocyte. The cell membranes of the 
follicular cells are very fine and delicate and offer no great 
resistance to the Golgi bodies in their lnfiltering process. In 
this case, however, (he process of infiltration does not take 
place through any special area such as canalicular process 
in the zona radiata as described by Bhattacharya (3), in 
tortoises and reptiles (D) and certain other animals (2) and 
by Das in birds (18). The process is akin to that 
described by Brao/beil (12) in Gsiius bankiva in which 
case the infiltration takes place before the formation of 
“zona pcilucida.” 

The Golgi bodies settle down in the cortical region and 
form big lumps. Whether these lamps are the result of 
Golgi granules rnnning together doe to the influence of the 
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fixatives or ns a molt of their growth, I am unable to toll. 
Those bodies, however. in good preparations give an idea 
that the former alternative is more probable. In the very 
advanced oocyte the (iolpi bodies are penerally distributed 
almost uniformly nil over the ooplasm (Figs. 6 & 12). Here 
the fatty yotfc formation is at its zenith and the egg is full 
of fatty yolk bodies. It appears that the majority of the 
Golgi bodies has been used np in the formation of fatty 
yolfe. The remaining ones probably break up and become 
ultra -microscopic and appear to play no part in the subse- 
quent development of the oocyte. 

}ni<Khoti(1ri<T.—} n an oopontom in which nucleus 
occupies almost nn entire area three or four mitochondrial 
crannies are seen in the vicinity of the nucleus (Fig. 15, M.). 
In an early oocyte the mitochondria appear to lie in the 
ju\ta*nuclear nrehoplasmie area «Fig. 1 G, Y.N.), in tho same 
manner ns the (iolpi bodies do. 1 am inclined to think 
that both of these cytoplasmic indasions— Golgi bodies and 
mitochondria— in the early stage of the development of an 
oocyte occupy the same area known as the “idio«ome, M 
or the “ Yolk-nucleus ol Itnlhiam." or “ nrehoplasmie ftrea, ,, 
which functions ns the focus of growth and dispersal for 
the (iolpi bodies ns well ns for the mitochondria* The 
idiosome area disappears and along with it the dispersal 
of mitochondria takes place. They become distributed in 
the ooplasm either singly or in pat dies forming mitochon- 
drial clouds (Figs. Jp A. 23, M.). They have a pronounced 
tendency to become arranged in a fashion forming a nuclear 
cap (Figs. 17 & 24, X. C. M.). In addition to fine dust-like 
granular frtrtodrorrdrr.'t, baton-shaped mitochondria are aht* 
found in the cytoplasm (Fig. 18, II. S. M.)« In the highly 
advanced oocyte the mitochondria are distrihnted through- 
out the cytoplasm and patches of mitochondria are 
distinctly visible (Fig. 25). The albuminous yolk bodies 
begin to make their appearance from the stage when the 
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mitochondria form a nuclear cap. Sometimes the mitochon- 
dria seem to rnn together and form a lump or they may 
swell up individually (Figs. 19 A 25, S. M.) and become trans- 
formed into yolk bodies. In a etil! later stage the mito- 
chondrial patches disappear and the mitochondria are evenly 
distributed throughout tho ooplasm (Fig-'. IB S: 25, M.). 

KueleoJar Extrusions . — There are no traces of the 
nucleolar extrusions— at least in the solid form. This is 
very clearly demonstrated by Bourn preparations stained 
by Mann’s methyl blue cosine (Fig. 29). As such they do 
not make any Tisible contribution towards vitellogenesis- 
The tame thing was further confirmed by examining the 
Cliaropy-Nassanow preparations (Figs. 24, 25, 20). Materia! 
fixed in Carnoy’s fluid also confirmed the same observations 
after staining by Mann's methyl bine eosino (Fig. 14). The 
nucleus, however, besides a prominent nucleolus contains 
a number of small nucleoli and a certain amount of chroma- 
tin; but none of these is ever seen to come out of the 
nuclear membrane in tho cytoplasm at any stage of develop- 
ment of the oocyte. AH these structures are strongly 
chromophilic. Tho nucleolar extrusions in the liquid form, 
may, however, exist. 

Yoli Bodies - — Two kinds of yolk bodies are distinctly 
visible — (i) Fatty yolk bodies, (ii) Albuminous yolk bodies. 
The former are more easily blackened by osrnic acid and 
so also more readily bleached than the Golgi bodies. This 
fatty yolk of Golgi origin can be distinguished from the 
ordinary fat droplets which are easily extractable in tur- 
pentine whereas the fatty yolk bodies arc more resistible. 
They leave behind them a dark rim even after they have 
been completely bleached. This rim is the remnant of the 
osmiophilic Golgi element. In the Ludford preparations 
the fatty yolk bodies are seen to make their appearance 
with the establishment of the yolk nucleus. The dispersal 
of the Golgi bodies and their accumulation in patches in the 
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cytoplasm are accompanied by the formation of fatty yolk 
in these areas. With the dispersal of the Golgi bodies 
throughout the cytoplasm fatty yolk bodies appear to fill up 
practically the entire cytoplasm (Figs. 4, C, 11 & 12.F.Y.B.). 
On close examination under the oil immersion lens it is 
found that these fatty yolk droplets undergo development 
in close association with the Golgi bodies. It is, however, 
difficult to say whether the Golgi bodies undergo direct 
transformation into fatty yolk bodies by drawing in the 
necessary requisites for their growth from the surrounding 
cytoplasm or whether in some indirect way they contribute 
towards the formation of those fatty yolk bodies. The fact 
that the Golgi bodies are solely responsible for the formation 
. of “ fatty droplets " (Ludford) or “ fatty yolk ” (Q*^- V - 
Noth, and Bhattacharya) is borne out by the facts (*) that 
they (fatty yolk bodies) begin to make their appearance 
pari passu with the growth and dispersal of the Golgi bodies 
from theidiosomo area, and (ii) that the Golgi bodies dis- 
appear from the view as the fatty yolk bodies are being 


fully formed. 

Albuminous yolk bodies are apparently few. They 
make their appearance at a stage when the jolk-nucleus 
of Balbiani disappears and the fatty yolk m, fairly 
established. I could make oot two methods of the formation 
of Albuminous yolk — (i) A process of direct metamorphosis 
of the mitochondria. In this case the granular mitochon- 
dria swell no in sire by the absorption. if the neces: mry 
materials from the cytoplasm (Figs. 18 .19, ,2<>, S MJ and 
ultimately give rise to the albuminous yolk spheres (Figs. , 
25, A.B.Y). (ii) A process in which a mitochondrion, 
swells op to a larger sire than its norma! one and is encircled 
by a vesicle arising in the cytoplasm. Growth proceeds 
inside the vesicle in the usual manner by the absorption 
of necessary material from the cytoplasm ( ig- o. ‘ 

' The yolk body thus formed seems to lie in a BOrt of vacnole. 


F.IJ 
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I could not see any trace of cytoplasmic yolk formation 
nrnlcr tlie influence of mitochondria which has been de- 
scribed by Bhattacharya and Lalt (3), and Bhattacharya' and 
Matlmr (4). Tho former authors state that when fully 
formed there is no way of distinguishing between the 
mitochondrial yolk and the cytoplasmic yolk as both of these 
follow tho aainc fixing- and staining reactions. Thus the 
only criterion to determine the presence of cytoplasmic 
yolk would bo the formation of yolk vesicle under the 
influence of the smaller granular mitochondria which would 
surround such a vesicle and in the middle of which yolk 
would be deposited. In the absence of such definitive 
stages in my preparations it becomes difficult to distinguish 
clearly between the albuminous yolk of mitochondrial 
origin and that of the cytoplasmic origin. 

(C) Centrifuged Malerial—’Xho ovaries of cockroach 
were centrifnged in the physiological salt solution immedia- 
tely after being removed from tbe body of the animal- 
Curiously enough in this animal centrifuging for three 
hours at the rote of 3,000 revolutions per minute had no 
effect at all on the disposition of the cytoplasmic inclusions. 
The centrifuging was, therefore, prolonged to five hours in 
another experiment working at the velocity of 3,000 revolu- 
tions per minute. Here also, though tbe cytoplasmic inclu- 
sions were affected by the centrifugal force, the results 
obtained were not ideal. Tbe centrifuged material {after 
five hours’ treatment was fixed in PaFano and Champy- 
Uassanow fluids. Tbe usual technique was followed. 
Figure 27 shows the Golgi bodies accumulated at one -pole, 
and a few of them distributed at the periphery of the 
oocyte. The mitochondria ore accumulated at the opposite 
— the inner or centripetal — pole of the oocyte with -clouds 
forming a perinuclear ring of mitochondria- The nucleus 
migrates more to the centrifugal or outer pole from the 
•centre of the oocyte. In the Chamy preparation of 'the 
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same material (Fig. 28) the. albuminous yolk bodies occupy 
the outer or centrifugal pole. Below these aro seen fatty 
yolk bodies. .Then there is tho nucleus and mitochondria 
all accumulated to • the centripetal pole. The Golgi bodies 
are distributed at random between the yolk bodies of 

both tho types. ,, . . 

' Lyon (43) in 1907 nnd his successors found that when 
the animal eggs are centrifuged the cytoplasmic inclusions 
are dislocated and are grouped in parallel strata at right 
angles to the direction of force. The number and relative 
bulk of these strata vary considerably with the nature of 
the cytoplasmic components. Generally, there are three or 
four such strata. Their order of succession being, of course, 
determined by their specific gravity. In general, the yolk 
granules— the heaviest of thoinclusions-collect at the outer 
or centrifugal pole, fatty substances apparently including 

many of the mitochondria at the inner or centripetal pole, 

while tho main bulk of clear substance largely hjaloplasm 
forms a central zone in which lies the nucleus. 

B. DISCUSSION 

Got gi Bodies. -The earliest stage of egg contained two 
or three granular Golgi bodies. These " mak 

stage are so minute that it is really very diftadt “ 
out their exact morphology. But on a very ca, 
lien they can be made out ns being vesicular bod e bav mg 

a Chromophilic rim. aud a hollow chromophobi oa 

Gatenby ('19) was the Bret to show the complex natam of 
Golgi dictyosome composed of ehromoph. he “ d 
bio areas (26). The Golgi bodies having such^trecture 
have, been described in a number o ver c ^ 

tebrate animals by various observers suc y ^ tI 

Pherilima (51), Leech C„, ex (50), ** 

and Mehta in Uiciola (54), by • l “ f the fam n y 

cockroach (55), by Gresson in certain saw 
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I conia not see a nr trace of cytoplasmic yolk formation 
under the influence of mitochondria which has been de- 
scribed by Bhattacharya and Latl (3), and Bhattacharya and 
Slathar (4). The former authors state that when fully 
formed there is no way of distinguishing between the 
mitochondrial yolk and the cytoplasmic yolk as both of these 
follow the same fixing and staining reactions. Thus the 
only criterion to determine the presence of cytoplasmic 
yolk would be the formation of yolk vesicle under the 
inflnence of the smaller granular mitochondria which would 
surround such a vesicle and in the middle of which yolk 
would be deposited. In the absence of snch definitive 
stages in my preparations it becomes difficult to distinguish 
clearly between the albuminous yolk of mitochondrial 
origin and that of the cytoplasmic origin. 

(C) Centrifuged Material.— The ovaries of cockroach 
were centrifuged in the physiological salt solution immedia- 
tely after being removed from the body of the animal- 
Cnrionsly enongb in this animal centrifuging for three 
hours at the rate of 3,000 revolutions per minute had no 
effect at all on the disposition of the cytoplasmic inclusions. 
The centrifuging was, therefore, prolonged to fire hours in 
another experiment working at the velocity of 3,000 revolu- 
tions peT minute- Here also, thongh the cytoplasmic incla- 
sions were affected by the centrifugal force, the results 
obtained were not ideal- The centrifuged material fitter 
five hours’ treatment was fixed in DaFano and Champy- 
Nassanow fluids. Tbe nsnal technique was followed- 
Figure 27 shows the Golgi bodies accumulated at one -pole, 
and a few of them distributed at the periphery of the 
oocyte. The mitochondria are accumulated at the opposite 
■ — the inner or centripetal — pole of the oocyte with -clouds 
forming a perinhclear ring of mitochondria- Tbe nucleus 
migrates more to the centrifugal or outer pole from the 
centre of the oocyte. In the Chamy preparation of the 
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eamo material (Fig. 28) the albuminous yolk bodies occupy 
the outer or centrifugal pole. Below these are seen fatty 
yolk bodies. Then there is the nucleus and mitochondria 
all accumulated to the centripetal pole. The Golgi bodies 
are distributed at random between the yolk bodies of 
both the types. 

Lyon (43) in 1007 and liis successors found that when 
the animal eggs are centrifuged the cytoplasmic inclusions 
are dislocated and aro grouped in parallel strata at right 
angles to the direction of force. The number and relative 
bulk of these strata vary considerably with the nature of 
the cytoplasmic components. Generally, there are three or 
four such strata. Their order of succession being, of course 
determined by their specific gravity. In general, the yolk 
granules — the heaviest of tho inclusions-collect at the outer 
or centrifugal pole, fatty substances apparently including 
many of tho mitochondria at the inner or centripetal polo, 
while the main hulk of clear substance largely hyaloplasm 

forms a central zone in which lies the nucleus. 


5. DISCUSSION 

Ge/gi Bodies. —The earliest stage of egg contained two 
or three granular Golgi bodies. These Golgi bodies at this 
stage are so minute that it is really very difficult to make 
out their exact morphology, lint on a very careful exara.na- 
lion they can be made out as being vesicular bodies hav ug 
a chromophilic rim and a hollow ohrouiophobic area. 

Gotouby CIS) was the first to show the complex nature of 

Golgi dictyosomo composed of chromoph.be and nhromopho- 
bie areas (26). The Golgi bodies having such structure 

have been described in a number of vertebrate and inver- 

tebratc animals by various observers such “ s J' 

- Pheritimn (51), Leech, Culex (50), Spider <49 , 

and Mehta in Luiiola (54), by V. INath and I ' , “ 
cockroach (55), by Gresson in certain saw-flies, of the family 
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tentlmdinidm (31), and cockroach (32), hy Shatga in carth- 
worm (G6), by liai in Oyster (65), by Hill in Dephnia. In 
vertebrates the vesicular nature of tho Golgi bodies has 
been described by P. ]t. Bhattacharya in fishes (7), acd 
bouse Gcko (6), by Prof. Bhattacharya in reptiles (6). and 
nromastrix, by Datta and Asana in Calotes (1C), by 
Rhattacharya and Lai in tortoises (3), and by Dr. Das in 
pigeon (18). 

Various forms such as rod-shaped granules (Bramhell), 
carved rods (Ludford), crescentic forms (Lepidosome of 
Pnrat and Dictyosome of Gatcnby) and a number of others 
bare been attributed to the Golgi bodies. 

Originally Camillo Golgi described the apparatus that 
goes after ins name ns the “ Apparato rcticolare interno ” 
meaning thereby that it has a reticnlar strnctare. Harvey 
and V. Kath bare criticised all these forms as artifacts 
resulting by ono of the following reasons. The carved rods 
or baton-shaped may either represent optical sections of 
spheres, or may possibly be doe to the incomplete impregna- 
tion of the rira of Golgi vesicles. Grannies have widely 
been accepted as resulting from the excessive csmic&tion 
or silver impregnation. Whatever their form the Golgi 
bodies ultimately form vacuolar structures or become 
associated with such structures. It has been clearly demons- 
trated that rod-shaped Golui granules in Helix (Br3tnbe!l 
II) are metamorphosed directly into vacaolcs containing fab 
Tims a rod-shaped granule is apparently converted into a 
vacuole. Carved Golgi rods in Patella (Ludford 40) are 
said to give rise to vacuoles from their archoplasm which 
soon break on the completion of the metamorphosis of the 
archoplasm into a vacuole. And sometimes the carved 
Golgi rods arc also directly metamorphosed into yolk 
vacuoles. Moreover, Gatenby in his work on the Golgi 
apparatus and vacuolar system of Cavia, Helix, Abraxas, 
by In tra -Vital methods (24) suggests that the differences in 



PERIPLANETA AMERICANA LINN 


101 


tho* production of vacuoles by Goigi bodies arc 
and hcneo unreal. For in couctusiou he also states that 
there exists in the nuirual cells a vacuole or a system 
of vacuoles primitively associated with and probably 
produced by the argon, opbil cortex of the Gulp jpar - 
L In the egg the vacuoles ore closely related to 
the chromophilic substance of the Golgi apparatus vinc 
condenses in them small substances such as fat, ltpin and 
mogeu (in glands). Such vesicular Go, g. bod.es wodd 
according to Parat correspond will, bus vacuome and o 
inteusel/ osmicated or argon, ophil port on ^ -Id 
sometimes form the crescent-shaped Golgi bo y 
—would correspond with his Lepidosome-mod.fied jmto 
chondria. I have no doubt, however that these fe me a 

true Golgi bodies. At least so far a, ns ma^.s 
concerned it is difficult to maintain Parat » 

" , dictyosomes arc ,„o modified mitocbou m e ., 

Lcpidosomes, as a„ the tests that «- app c to the 
Golgi bodies have been used with success in th.. case. 

• Subsequently the Golgi vesicles f L 

Ze^X r„d KMolia; in — « 

far as the distribution phases of the Golgi o. 

cd. They observe throe phases in the d.str. u, on- -U >« » 

cumuuclear ring, (ii) peripheral 

distribution. They also differed 

agrees with the former T*! l do n“ aoe these succes- 
distribution of the Golgi bodi • - _ 

sive stages distinctly. After been m0 ntioucd 

or by Gresson (32), 
i •„ distribute without any circum- 
tho Golgi bodies egl They do not also distribute 

nuclear or peripheral migration 

uniformly until the very advanced oocyte oh ago « eacW 
in which the whole of the oocyto is packed Ml of J oik bodies 



102 TJ!R All. ATI ATI A V rSIVEIWIT¥ STUDIES 

(Figs, 6 anti 12, F.Y.Il.) leaving only a few Golgi bodies 
here and there. These may he said to he uniformly dis- 
tributed otherwise their distribution in the oocyte is in 
groups and these form the Golgi patches. This distribution 
in patches is noteworthy and as such there should be some- 
iiesitation in attributing to them straight on a uniform 
dispersal. 

Doring the development of the oocyte the follicular 
epithelium plays an important part at a certain stage, which 
has escaped the attention of the previous workers— V. Nath, 
P. Mohan and Grcsson. A process of emigration of Golgi 
hodtes from the follicular epithelium to the egg can he readily 
made out iFig. 13, INF). The Golgi bodies do not pass 
through ony definite passage as has been described by 
Hbattacharya (G); and J)r. Das (18); but in a haphazard 
manner described by Hrambell (12). As I have worked 
with a large number of ovaries repeatedly I presume that 
the chances of artifacts are totally eliminated. Since these- 
granules are indistinguishable from the original Golgi bodies 
of the oocyte and since they react to the fixatives in the 
same way as the Golgi bodies do inside the oocyte I infer 
that they most he identical bodies. What rfile these extra- 
neous Golgi bodies might play in the physiological develop- 
ment of the egg I am onable to say at present. 

The idea that granalcs could pass from the follicular 
epithelium into yolk of the egg is not a new one. Waldeyer 
(70) and Loycz (39) and a number of other authors admitted 
that granules pass from tho follicular cells to the egg. Loycz 
states that the rGle of the large follicle cells in reptiles is 
to provide substances for the yolk formation to tho egg, 
and that these substances that pass by way of canalicuti 
like prolongations may be flaids, semi-fluids, or granules. 
Thus the idea that Golgi bodies arc extruded in the same way 
into the egg could easily be believed. Bhattacbarya (’25) was 
the first to show that such a phenomenon actually exists (6). 
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RTambeli (12) mentions that the apparatus in the 
follicular cells divides into two, only one-half being extruded 
into tlio oocyte. Whereas I find that fairly large number 
of granules assemble at the bases of the cells at a stage 
preparatory to their infiltration through the membrane. 
This is the period of intensive activity in the follicular 
epithelium layer of colls. The Golgi bodies now extrude 
from the cells of the follicular epithelium and arc deposited 
in the cortical region of the oocyte. To my knowledge no 
infiltration of the Golgi bodies from the follicular epithelium 
cells has been eo far described in invertebrates and as 6uch 
it needs more critical study than I have been able to pursue. 

Tho Golgi bodies in the subsequent development grow 
in sire and give rise to fatty yolk. It is not possible to say 
at what stage of swelling and deposition of fat inside their 
interior tho Golgi vesicles should be called fatty yolk bodies. 
In the Ludford preparation treated with turpentine (for 
18 hours), which dissolves fatty yolk, the egg appears frothy 
duo to tho empty yolk vacuoles. The non*fatty Golgi vesicles 
which nppear as solid spheres before now appear distinctly 
hollow with tho characteristic osmiophilic rim and the central 
osmiophobic area. Houin preparations (Fig. 2P) also show the 
frothy appearance of the advanced oocyte due to the fatty 
contents being washed out by the acetic acid of tho fixative. 

In the oocytos centrifuged for five hours at 3,000 revo- 
lutions per minuto the Golgi bodies occupy tho upper or 
centrifugal pole and a few of them are also distributed at 
tho periphery of the oocyte (Fig* 27, G. B.). It appears from 
this that tho assortment of the Golgi bodies has taken 
place in two directions— (i) in the centrifugal, and (») in* tho 
peripheral direction. 

In tho intra-vitam • examination unlike all the previous 
workers I find Golgi vesicles in the oocytes treated with 
Janus green B for about 20 minutes. I also find crescent- 
shaped Golgi vesicles in the intra-vitam observations which 
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I could not, somehow, meet with in the fixed preparations. 
My intra-Titaw observations differ from those of Y. Nath 
nml P. Mohan, and are in agreement with those of Gresson 
eo far as I do not see Golgi bodies Btained with neutral-red. 

'Wilson has elated that in tire ora of certain Hymen ou- 
ters (ants), Orthoptera (cockroaches) and Lepidoptera 
there are rod-like and rounded bodies, sometimes present 
in great number, dividing by fission, and variously known 
as “ bactericide” or “intracellalar symbionts.” Jllochmann 
{’84, ’87) who first observed these hacterioid forms in Blatta 
and Pcriplanctn found that in their earlier stages the 
oocytes are free from these bodies but arc later infected 
with them front the surrounding cells. Lately these hare 
also been isolated and cultivated by Glaser (’30) who states 
that the penetration of the egg by these bacterioids occurs 
after imposition (30). V. Nath and V. Mohan and Grosson 
have found these forms always lying at tbo periphery of 
the egg which according to the former sot of observers 
obscure in sections the inner membrane of the follicular 
epithelium. I have also noted the presence of these bac- 
terioids lying at the periphery of an ovum in largo numbers 
arranged in a regular manner. 

Mitochondria.— Broadly speaking mitochondria are 
generally described as vesicular, baton-shaped, cup-shaped, 
Glamcntar or thread-like. Prominently hollow vesicular 
mitochondria have been described in male germ cells 
of scorpion by V. Nath (46). Marked difference in 
the size and the shape of mitochondria of male and female 
germ cells Ims been observed by Gatenby in Paludina 
viv/para. Fi/amenfar mitochondria hare been described in 
Emys (utaria by Halliard; Bhattacharya and Lai (3) in 
tortoises; Bhattacharya and Maibar (4) in Pila globosa. 
In Colnmba intermedia cup-like dense clonds of mitochondria 
have been described by Dr. Das (18). P. R. Bhattacharya 
describes baton-shaped mitochondria in bouso Gecko (8). 
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TI,o term mitochondria was invented by Benda and 
the grannies now designated by this name were hy ear her 
observers described as “ microsomc,.' Ben an p W P - 
term to the grannies in the sperm form.ng cells that «re 
long ago described as cytom.erosomes by U ^nlettc 

ssir.*tir=rv«f; S 

advanced oocyte they form a cap-hke «"£*,, a’ 

\ c M ) at one nolo of ttie nucleus. Tins is snccee a 
stage' in a fairly advanced oocyte in which the 
disperse and become ff 

l lmv not been ^ in Periplane.a 

described l>y '• anu L ‘ . nn n r these 

americana. Oressou docs not even make m n ton of t o 

Indies. Bhattacbarya in reptiles and Bran, hell ^ 1 ” 
described a very striking peri, I have 
of mitochondria respectively. . tranced oocyte 

Wen able to find in tins animal In an na 
mi,or,,o„driahocom : v :7I m : rou : , i: erm,n^by tr U :[ ^ 

indie fixe'd preparation. The growth of 

a very smalt grannie to a fairly large swollen body is ray 

-—rr-SrsiS 

The mitochondria of the advanceu 

are always s'en^'occapy the lower or centripetal pole with 
clouds forming a perinuclear ring o mitoc ,0 °‘ . -..- .i 
In the intra-ritam observation they are 
preen hy Janus green B diluted as already stated. All the 
F. it 
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stages of dispersal that are observed in the fired preparations 
are confirmed by the intra-vitam observations. None of 
the previous workers has attempted to observe mitochondria 
by intra-vitam examination. 

My observations so far as tbo mitochondria in the 
oogenesis of this animal are concerned differ from those 
of V. Nath and P. Mohan in several matters of detail* 
These workers considered them as being of no particular 
interest. Whereas the fact that they definitely give rise 
to albuminous yolk makes them a very prominent 
and important cytoplasmic inclusion. In spider V. Nath (49) 
has described mitochondria as taking a fine red stain 
after treatment with nentral-red. I have great doubt 
if the nentral-red which is specific for vacnome only 
in an intra-vitam examination would stain anything but 
vacuome. The probabilities are that he might have 
confused neutral-red precipitations with the mitochondrial 
grannies. 

Nucleolar Extrusions • — Hogbon (36); V. Nath and P. 
Mohan (55) and Gresson (32) working on Poriplaneta 
americana and P. Orientals respectively have laid great 
stress on the existence of the nucleolar extrusions and their 
relation to the formation of albuminous yolk during the 
vitellogenesis. The account given by these authors is no doabt 
very interesting. They describe two successions in the nucleo- 
lar extrusions. The products of the first activity, they 
state, disappear and are absorbed in the ground cytoplasm. 
The products of the second series of activity are of funda- 
mental importance S3 they contribute towards the formation 
of albuminous yolk. The chromatic nucleus Joses its 
opacity and develops vacuoles inside it, and gives rise to 
extrusions. These extrusions pass oat through the nuclear 
membrane in tbe ooplasm and again become vacuolated in 
their turn like the mother nucleolus. These later on increase 
in number by breaking up and give rise to a tliird and final 
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series of bodies eimiiar * then in "^of 
extrusions arc responsible or the 

S ollo These bodies, accordin |° *™' ^ „ 

periphory of the egg* 11 . notrient flaids 

V. Nath and P. Moban, lotbofacthat he ' 

flow to the egg front outs.de ton* < ‘^"Ure, tbe 
cells and tins the penphorj o \ !«>•«* can 
most favourable place w > 1 metamorphosed into 

«»»■ ThCM '?r,”TO»So”tbe whole history 
albuminous yolk bodies. ultimate fato in tbe 

of the nucleolar extrusions and their ^ previoU5 

production of albuminous yo ' enom enon in greater 

workers. Gresson has stud, ed the ' , rcactkm s 

detail i in addition he has also stndred the co.onr 
of the nucleolar extrusions. la( .r- 

My material in spite of repeated expenrn^ ^ ^ „ 
rations foiled to show any nac e0 “ H, at described by 

very thorough search to see anyth mg to ^ g n d no 

the previous workers, but a h P (he noclear mem- 
evidence of nucleolar extrusro arc a tew 

brane. Figures 14, 26 and 29 wtohowthat^^ ^ 

more bodies in the karyoplasm ^ e!tlru sions through 

none of these is over seen to com mKom sto ined with 
the nuclear membrane. 0 granular nature of 

Iron-haematoxylin show very contusion between 

cytoplasm. To avoid every posmbihtyof^^ ^ „ 

the granular cytoplasm an „ rp „, rot ; 0 ns with Manns 
there be any, I stained “” ,n p wl , ich did not bring ent 
methyl bine eos.ne only l ' E „ a CT bstanoe bnt showed 
the cytoplasm as a granola g e w ; tb „ beautifully 

its more or less homogeneous (|) find 2ny nucleolar 

stained nnclens and nncleo i- ^ (o COIlfirm my 

extrusions even with this fl ia a 6fa ined the 

results eosine (Fig. 14) but 

preparations with Mann s m ) 
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the result was again the same. I want, therefore, to eiate 
that my observations fundamentally differ from those of the 
previous workers in this respect I have come to the con- 
clusion that there are no nucleolar extrusions in this animal 
at least in the solid form. If there be any they might be in 
the liquid form or highly grannlar. 

Y. Nath has described the nncleofar extrusions giving 
rise to albuminous yolk in a number of other animals such as 
Euscorpittf, Rntbns (46), Lueiola [Y. Nath and Mehta (54)]; 
LUhobins by V. Nath and by King ; in Scolopendra [V. Nath 
and Ilusain (53)]. (/a ten by (’22) was the first to show 
clearly tho exact relationship between the nncleolos and the 
process of vitellogenesis in the case of Saccocirrns (22). 
In this form he demonstrated tho origin of albuminous 
yolk from the nucleolar extrusions directly. Nucleolar 
extrusions have been described in the case of Patella 
(Lndford 40); Limnoea, Helix and Patella (Gatenby and 
his pupils) ; tortoises (3), and molluscs (4) (Rbattacharya 
and his pupils) and in certain saw-flies of the family Tcn- 
thridinidm by GrcssoD (31) they hare also been described to 
give rise to fatty yolk bodies in Loris <N- Rao, 71). 

Yolk Bodies — Rrarobell has described four kinds of 
yolk bodies in oogenesis- He calls them — (i) Golgi yolk, 
(ti) mitochondrial yollc, (»is) cytoplasmic yolk, and (it?) tho 
yolk formed by the nucleolar extrusions. These four kinds 
of yolk bodies may be classed into two groups according to 
their chemical nature, (i) those formed l»y Golgi bodies, and 
generally accepted as fatty yolk bodies, and (ii) those formed 
by mitochondria, cytoplasm, nucleolar extrusions or some- 
times even by Golgi bodies and generally regarded as 
albuminous or proteid yolk bodies. Gatenby and V. Nath 
gave ont for tho first time the suggestion that there are 
essentially two kinds of yolk bodies in the oogenesis 
(») fatty yolk bodies, and (ii) albuminous yolk bodies- Later 
on Y. Noth in a scries of papers has been emphasising tbo 
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fact that the fatty yolk bodies aro essentially the products 
of the activity of Golgi bodies dorived from thorn directly 
or indirectly. Instances aro not wonting where the fatty 
yolk is formed from the direct or indirect activity of the 
Golgi bodies, e.g., Gatenby has described the same thing 
in Saccocirrus (22), Y. Nath and King in Lithobius ; 
Y. Nath in Julus, Palamnoeus (46) ; Culcx (50) ; Spider (49) ; 
JLnciola (54 ) ; Gresson in P. Orientalis (32) ; Brambell in 
Helix and Patella (11) ; Hi rschler in Ciona and Bhattacharya 
and Parat in Ciona intcstinalis (63) ; King in Oniscns asollus 
(38) and by Hibbard in Discoglossus (35). A number of 
other workers in different animals have described similar 
resnlts. The idea is not a now one, for both Gatenby and 
Ladford had described previously the formation of yolk of a 
fatty natnro from Golgi bodies. The same thing has also 
been described in this Laboratory by Dr. Das (18), 
Bhattacharya and his pupils (3 and 4), Dotta and Asana 
(16). I have also fuond the same thing in the present 
work. Gatenby, Woodgcr, Lndford and Brambell have 
described in Patella the indirect origin of fatty yolk from 
the Golgi bodies. The difference in tho origin of fatty yolk 
does not in any way detract from tho work of Gatenby and 
his pupils, who showed for tho first time, that the Golgi 
elements play some part in vitellogenesis. Gatenby himself 
pointed out that re-investigation of this form (Patella) in 
view of Parat's claim might yield interesting results. 

In the present case my observations are in complete 
agreement with those of V. Nath and P. Mohan on Peri- 
planeta americana and Gresson on P. orientals so far as 
the origin and nature of the fatty yolk are concerned. 

I believe that the Golgi vesicles grow in size and 
deposit fat in their osmiophobic vesicles. It is difficult 
to say exactly at wbat stago the swollen Golgi vesicles 
shonld bo called fatty yolk spheres. These bodies in 
au advanced oocyte if decolourised in turpentine appear as 
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clear vacuoles leaving behind them a fine black rim. The 
Golgi vesicles, however, resist the action of turpentine and 
it is the core only -which can be bleached out. The fact 
that fatty yolk bodies cannot be mistaken for fat vacnolcs is 
proved thus : (*) that they are not easily decolourised in 
turpentine as fat vacuoles generally are, and (ii) when they 
are decolourised they appear still to leave a fine black rim 
which is reminiscent of their Golgi origin. 

In the centrifuged egg (Fig. 28, F.Y.B.) the fatty yolk 
occupies the centrifugal pole below the strata of albuminous 
yolk bodies which forms the first and an outermost strata. 
In between these fatty yolk bodies arc scattered Golgi bodies 
in different stages of their development. 

In the intra-vitam observations fatty yolk bodies arc 
seen as highly refractory bodies in the neutral-red prepara- 
tions, with their rim deep black and the interior core rather 
greyish in two per cent osmic acid preparations. 

So far as the formation of the albuminous yolk is 
concerned my observations differ from those of all the 
previous workers on cockroach in every minute detail. 
They attribute the origin of albuminons yolk to the nucleolar 
extrusions which are directly transformed into albuminous 
yolk bodies. I find that the albuminous yolk in this animal, 
in view of tbe total absence of nucleolar extrusions, is 
entirely derived from the mitochondria. There are, in my 
opinion, two ways by which the albuminous yolk appears. 
Id one case the mitochondria grow in size (Figs. 18, 19, 25, 
S. SI.) either singly or in an aggregate. They swell up to 
form pretty big masses which get directly metamorphosed 
into the albuminous yolk bodies (Figs. 19, 23, 25, A..B.X). 
In the second case, a vesicle in the cytoplasm gets formed 
and at the centre of this vesicle is lodged a single inito- 
chondrium or a number of such very fine dost- like bodies 
(Fig. 25, A.B.T.) which grow in size by swelling and elabo- 
rate the yolk material inside the vacuole. But this is very 
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previous workers on ^ in l oogenesis 

mitochondria do not at all p y ' 

much less in the elaboration of the albrnmnous yol • 

In the centrifnged material (Fig. 28, A.x- I 
albuminous yolk bodies occupy 11,0 “f '"““^'Ltion they 
centrifugal pole. In J"'" J^Cted with 

appear as solid refractory bodies in the material 

Janus green B. i „„Ariel origin of albuminous 

In this Laboratory, mitochoudmlorigir ^ u(3) in 

yolk has been described by ‘ . . p^ a gi 0 boso; 

tortoises i Bhattaoiiarya and Matlrar ( ) bir a 8 . 

Dutta and Aaaua (10) in Calotcs, andbyDaSji ■> 

Elsewhere tho samo thing has een . by Hirschler 

(12) in fowl ; by Ring (38) in Oniscaa asel us , y 

L Ciona ; by W and .either to 

cases the origin of albuminous y I. such cases 

mitochondria nor to the nucleolar ex ru casc3 have 

it is said to be elaborated b> cytop . j,y Qatenby 

been described by Ludford (40) » • p a ^ e ]i a . Harvey in 

and his pupils in Limnoea, He ix an pygostens and 

Carcinns (34) and Hibbard in the ver ^ album j n0U8 yolk 

Hiscoglossns have described t ie ori a 6UC h Golgi 

from the Golgi bodies- In be stainable with the 

vacnoles are described by Hi ar ^ ^ith those that 

neutral-red. Such Golgi bodies i vhich give rise to 

are not Btained by the neutra -re bo 80me chemical 

fatty yolk, snggest that ' ther ® f e9 of Golgi bodies, 
difference in tho nature of these 


6. SUMMARY 

■ r tl o Perlplaneta amcricana lias been 
1. Tho oogenesis of the >' a 6xe d prepnra- 

studied both by intra-vitam examination 

tions. 
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2. In the oocytes treated with dilute neutral-red for 
about 20 minutes the vacuome ia tinged red and gradually 
becomes prominent. 

In the earliest oocytes there are one or two patches of 
vacuome consisting of about 5 or 6 discrete vacuome. With 
the growth of the oocyte these patches increase in number 
and are uniformly distributed throughout the oocyte. In the 
advanced oocyte separate discrete vacuome are also clearly 
visible among the large and prominent patches of vacuome. 

3. The Golgi vacuoles aro not stained by neutral- 
red and appear as refractory bodies which on the introduction 
of 2 per cent osmic acid under the cover slip clearly show 
the osmiophilic rim around a colourless core. 

4. In the oocyte treated only with 2 per cent osmic 
acid for about 20 minutes the vesicular Golgi bodies with 
chromophilic rim and chromopbobic core aro clearly sceD. 
There are also some crescent-shaped Golgi bodies. 

In the youDgest oocyte the Golgi bodies aggregate in a 
juita-nuclear position forming yolk-nuclens of Balbiani. From 
now onwards tbey distribute in cytoplasm in patches. 

5. With the growth of the oocyte the Golgi bodies 
grow in size and begin to deposit fat in their central core, 
and become converted into fatty yolk bodies. 

Precisely similar stages of the Golgi bodies were 
observed 5d the fixed preparations. 

6. Golgi bodies are also derived from the follicular 
epithelium cells of the oocyte by a process known as the 
“ infiltration of the Golgi bodies " into the oocyte. 

7. In the oocytes treated with a dilate solution of 
Janus green B for about 10 minntes the mitochondria are 
seen as fine grannlar bodies. There are some baton- 
shaped mitochondria also, some of which may be seen 
breaking into grannlar mitochondria. 

In the youngest oocyte they are aggregated in the 
juxta -Duel ear position to form the yolk-nucleus of Balbiani. 
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In advanced oocytes they are distributed in patch. a ; and 
ultimately they get evenly distributed in the cytoplasm as 

grander ^^’ on ^ ria ^ Golgi bodies, swell up 

ly give rise to albuminous yolk which in ie i 
examination is seen to be less refractory than the fatty yolk 
bodies and is slightly tinged with Janus green 
Sometimes a single mitochondrion, ora 
are surrounded by a cytoplasmic vacuole where til y g 
size by swelling and give rise to albuminous yolk. 

Precisely similar stages of mitochondria were obsorvid 

iD Tt Ir i: no Scnce of nucleolar extrusions in the 
The presence of bac.erioids was also noted both 
ir ' rxlinoat 

with Janus green B (for over 20 , mantes) Onlp 
appear in the intra-vitam examination. 


lettering 


A. Y. B. ... Albuminous yolk body. 

B. S. M. ... Baton*shnp«d mitochondria. 

B ' S '. "■ 1 ... Baton-slinpeit mitochondria JivnlinB. 

am. J . . * . 

0. G. B. ... Crescent-shaped Golgi hoti> . 

E. M. ... Egg membrane. 

V. E. ... Follicular epithelium. 

F. Y. B. ... Fatty yolk body. 

F. Y. V. ... Fatty yolk vacuole. 

G. B. ... Golgi body. 

Q. Y. ... Golgi yolk. 

I. N.P. ... Infiltration of Golg* bodies. 

M. * ... Mitochondria. 

F, 15 * 
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N. 

Nucleus. 

N. C. M. . 

Mitochondrial cap of nucleus. 

Nu, 

Nucleolus. 

S. G. B. . 

Swollen Golgi body. 

S. M. 

Swollen mitochondria. 

V. 

Patch of vacuome. 

V*. 

Small discrete vacuome. 

V. G. If. . 

Vesicular Golgi body. 

Y. N. 

Yolk-nucleus. 

Y. N. V. . 

Patch of Vacuome at the yolk.nucleus. 


EXPLANATION OP FIQU11ES 

(All the figures have been draxcn xcith the help of Camera lucida) 

Figs. 1 to 0. Da Pano. Safranin light green. 

Fig, J. An oogonium showing three Golgi granules. 

„ 2. An early oocyte showing Golgi granules- 

„ 3. An early oooyte showing the yolk-nucleus of Italhiani. 

„ 4. An advanced oocyte showing the distribution of Golgi 
bodies and formation of fatty yolk bodies. 

„ 5. An advanced oooyte, later stage, showing the distribu- 
tion of Golgi bodies in patches, the fatty contents of the 
Patty yolk vacuoles hare dropped out. 

„ G. Highly advanced oooyte packed full with yolk vacuoles. 
The Golgi bodies are scattered in between the yolk 
vacuoles. 

Pigs, 7 to 13. Ludford. Champy-Kull. 

Pig. 7. An oogonium showing four Golgi granules. 

„ 8. An early oooyte showing Golgi granules. 

„ 9. An early oooyte showing the yolk-nucleus of Ralhiani. 

„ 10. An advanced oocyte showing two j'uxta-nuoiear 
aggregations of Golgi bodies. 

„ t(. Aa edraaced oocyte ehoving (he distribution of 
vesicular and granular Golgi bodies in patches, and 
fatty yolk formation. 

„ 12. Highly advanced oocyte packed full with fatly yolk 
vacuoles. Golgi bodies are scattered in between the 
yolk vacuoles. 

„ 13. A portion of the wall of an oocyte showing the infiltration 
of Golgi bodies (IMP) through the follicular epithelium 
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F*U. Carnoy. Mann-. mclhy. bln* 

ahotriop prominent nuclei . ml nu cleon. ^ ^ 
on. eround oytopla.m H I re P^ ^ ^ ^ bodies be 

ground ot the P*P cr - , nuclei, none ot these 

~r.rr.rs: i— — 

Pis.. 15 >° >0- R 'P*“ <1 - '"'."•’’"“'“^'ur.nuta mitochondria. 
His. 15. An oogonium •>”»“*» lhB juala-nuclear arrangement 
„ 10. An early oocyte •hn*tnt, J , m , Halbiani. 

ot mitochondria torimns t to ) , cap 0 i mito- 

„ 17. An advanced oocyte sho.mg the nuclea 

chondria, N. C. M. distribution ot mitochon- 

. ■' ^ ^"Co" - — mUMh0 ” dri *' 

. “t— 

ot milochondria in patches, . , , he aseollcn 

yolk by the direct tnet.motpbo... 

mitochondria. 

Piss. 20 to 23. Hcpand-Tupa. Champy-^tt^o^^opdns distribu.cd 
' Pisa. 20 i Early oocytes with pr 
. 21 > in the ooplasm. 


..ranular, anollen and 
„ 23. An advanced oocyle [onnation ot »lbu- 

mitochondria. 

Pi R s.24to20. Champy-Nassanow. Champy 


so. Champy-Nassano*. ^ mUo=hon dria. 

Fig. ‘24. An oocyte with n«o1c-« OP gwoncn mitochondria. 

„ 25. An advanced oocyto , * driaa re surrounded by 

At places * h ” they pn* and tncta- 

aoyloplastnio vesicle t , kbo dy. 

morphoae into «n albuminous J ihwlng 

A chain ol five h*hly »^ phcIT , mitochondria 
albominoua yolk bodies There are also seen 

are distributed in the «°P 1 “ m 
(alty yolk vacuoles. 

Fig. 27. DaPano aalranin light P !ce ”- . th0 „pper layer o! Golgi 
A ccnttiluged oocyte 8 


26. 
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Fig. 29. 

Fig. 20. 

Firs- 30 

Kip. 30. 

81. 
„ 32. 

„ 33. 

Fig. 34. 

Fie. 35. 


bodies which are also distributed all round the peri- 
phery of the oocyte. Then there is a nucleus with mito- 
chondria forming a perinuclear rinp the majority of 
which are accumulated towards the centripetal pole. 
A few Golgi bodies tire also seen amoap the mitochon- 
drial aggregation. 

CUampy-N assanow. Cbampy-Kull. 

A centrifuged oocyte showing the upper layer of albu- 
minous yolk bodies followed by layer Df fatty yolk bodies, 
la between these are scattered the Golpi bodies. 
Then there is a nucleus and below are mitochondria 
forming a nuclear cap. 

Bouio. Mann's methyl blue eosine. 

A group of four oocytes showing the granular cytoplasm 
with fatty yolk vacuoles. The contents ol which have 
been washed out. In the nucleus there are a few more 
bodies besides the nucleolus, but none of these is seen 
coining out as nucleolar extrusions, 
to 33. Fresh oocytes treated with neutral-red for 
twenty minutes. 

An early oocyte with a patch of vacuome consisting of 
• 5 or 6 discrete vacuouie. 

The juxta-nuclear arrangement of vacuome. 

The distribution of vacuome patches and discrete 
vacuome. Fatty yolk bodies are seen as refractory 
bodies noo-stained. 

Showing the relation of the Golgi bodies with the 
vacuome. The material is treated with 2 per cent ostrrio 
acid after the neutral-red treatment. Fatty yolk bodies 
develop the osmiophilic rim of Golgi element. Golgi 
bodies also make their appearance in close connection 
with the vacuome- 

Fresh oocyte treated only with 2 per cent osmic acid for 
twenty minutes showing Granular, Vesicular and 
crescentic Golgi Itodie* distributed throughout the 
oooyte. The fatty yolk bodies are seen as highly 
refractory bodies with osmiophilic rim. 

Fresh oocyte treated with Janus green B lor ten minutes. 
Showing granular and baton-shaped mitochondria. The 
latter are also seen breaking. The albuminous yolk 
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INTRODUCTION 

The occurrence of Golgi bodies in somatic 
has become an established fact owing ^ 

***** during U,o last ^ m ‘ln,e 

senior author (D U ^ J • * , lcs o! reptiles and 

the occurrence of Golgi bortic^ 3 

1)Ws . No "“tin °i bT Dawson ( B) who 

done in this direcbon since then weep jr ^ ^ 

has studied the r-onctron of ’"P'" » number of 

dyes. For throwing further ligM on t ^ ^ 

fishes of different apec.es ww «am.n^T ^ ^ arUtact8 . 

precautionary measures we • h Ludford ’ s modification of 
The best results " ere nt Fane's silver metbed (5) was 
Mann-Kopsch technique ( )• thc ^Ug were not very 

tried as well but due to poor noticed that Golgi bodies 

satisfactory. In both cases , 5n the cytoplasm of 

were present as discrete elemen s punC tatus, which was 
the erythrocytes of Opbiocep • Q 0 ]gi bodies arc 

studied in particular (Figs- ^ - n ft j ax ta- nuclear 

spherical in shape and Mme ^ blood-cells they 

position (Figs. 1, 2, 4 an )• n0 clear membrane, 

appear to he plastered « it 'tere.“™' , n .in U , 0 n „ d Eranular in 
In all cases the Golgi bodic magnifications. 

sire and are visible only under ery 
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DISCUSSION 

Since (lie discovery of Golgi apparatus by the Italian 
neurologist Golgi in 1898, this cell component has been describ- 
ed in nearly all categories of cells. Cowdry in 1914 (3) 
demonstrated the occurrence of mitochondria by vital staining 
methods but felt sceptic about the presence of Golgi bodies 
in erythrocytes. It was with a view to fill up this gap that 
Bhattncharya and Brambell described the presence of Golgi 
bodies in reptiles and birds and suggested that 44 In view of the 
phylogenetic relationships existing between the Saraupsida 
and the other classes it seems probable that Golgi bodies will 
be found to occur not only in the nucleated red-blood corpuscles 
of the fishes and amphibians, but also in the non-nucleated 
red-blood corpuscles of the mammals, at least in some stages 
of their development." The present work is intended to 
supplement the knowledge gained by the works of the above- 
mentioned authors. The fishes differ from the Saraupsida in 
that the Golgi bodies lie generally scattered throughout the 
cytoplasm in a diffused condition and in much larger numbers. 
The ground cytoplasm of the rod blood-cell appears to be 
smooth and homogeneous as is also the case in reptiles and 
birds. Regarding the structure of the Golgi bodies little can 
be said because of their extremely minute size. They appear 
to be spherical hut the cbromophobic core can hardly be dis- 
tinguished from the chromophilic cortex as is the case in many 
somatic and germ cells. That they are not artifacts is de- 
monstrated by the fact that their presence was noted both by 
osmic and silver nitrate techniques. The slides were toned, 
washed and bleached, as the case may be, for varying lengths 
of time. The result in all cases was practically the same— thus 
proving without doubt that Golgi elements in granular form 
are present' in the erythrocytes of fishes either in a diffused 
condition throughout the <ytoplasm or in a juxta-nuclear , 
position as discrete elements or plastered around the nucleus 
in a perinuclear position. 
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addendum 

Since going to the press, a “ py f “^^t^chrf 

see, on the reaction of erythrocytes to vital dy 

our hands. The author con K rns mosU^ ^ ^ 

miaation oJ erythrocytes by v primary granules, 

Codes that in vertebrate 

the secondary granules and pa - Ee p ara te entities 

hy vital dyes, ore to he regarded gteopM 

which are not gencticallj -gnts on certain 

(8 and 9) carried on vital --*« ^“““lla and 
fishes and have tried to prove ^ erythrocytes of 

Yacuome are homologous structures i ]lo|d lvi th 

fishes. Our position remains wilh the aid 

Gatenby, Botven and others that nha , medl0 d s are 

* of osmic • add and silver salts y “ , fi(! for ,rliat are 

Golgi bodies and that neutral red «t> ^ Golgi elements, 

called vacuome, but not for what are n arise 

The question of homolog)-, therefore, does 
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DESCRIPTION OF PLATE 1. 

The figures were dratcn with the help of Camera lucida , 
Lett:, under oil immersion lens. 

Figs. 1 — 7— -Ltidford’s Osmic Technique. 

Fig. 1. — Side view of a red blood cell of Ophiocepbalus puncta- 
tus showing a few Golgi bodies (GB) situated close 
to the nucleus. 

Fig. 2. — Same as figure J. Surface view showing fho perinu- 
clear arrangement of Golgi bodies. 

Figs. 3 & 4.— Surface view of erythrocytes. In the latter 
the Golgi bodies are arranged in a juxta-nuclcar 
position. 

Fig. 5. — Side view of red blood-cell showing Golgi bodies 
plastered round the nuolear wall. 

Fig. 6.— Sorrace view of Figure 5. 

Fig. 7. — Surface view of a red blood-cell showing Golgi bodies 
scattered throughout the cytoplasm. 

Figs. 8 & 9. — Da Fano’s silver method. 

Surface view of two erythrocytes showing tho Golgi granules 
situated closo to the nucleus. 




